YAKUGAKU ZASSHI 127(6) 1013—1020 (2007) © 2007 The Pharmaceutical Society of Japan 1013

—Regular Articles—

Possible Involvement of Insulin, Endogenous Opioids and Calcitonin Gene Related Peptide
in Remote Ischaemic Preconditioning of Brain
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The present study has been designed to investigate the role of insulin, endogenous opioids and calcitonin gene relat-
ed peptide (CGRP) on remote mesenteric ischaemic preconditioning induced reversal of global cerebral ischaemia-
reperfusion injury in mice. Bilateral carotid artery occlusion of 10 min followed by reperfusion for 24 hour was em-
ployed in present study to produce ischaemia and reperfusion induced cerebral injury in mice. Cerebral infarct size was
measured using triphenyltetrazolium chloride staining. Short-term memory was evaluated using elevated plus maze. In-
clined beam walking and resistance to lateral push response, tests were employed to assess motor incoordination. Bilater-
al carotid artery occlusion followed by reperfusion produced cerebral infarction and impaired short-term memory, mo-
tor co-ordination and lateral push response. A preceding episode of mesenteric artery occlusion for 15 min and reperfu-
sion of 15 min (remote mesenteric ischaemic preconditioning) prevented markedly, ischaemia-reperfusion-induced
cerebral injury measured in terms of infarct size, loss of short-term memory, motor coordination and lateral push
response. Anti-insulin serum, naloxone (an opioid receptor antagonist) and «-CGRP (8-37) (a selective CGRP recep-
tor blocker) attenuated the neuroprotective effect of remote mesenteric ischaemic preconditioning. It may be concluded
that neuroprotective effect of remote mesenteric ischaemic preconditioning probably is mediated through insulin, en-
dogenous opioids and CGRP released as a consequence of mesenteric ischaemia and reperfusion in mice.
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INTRODUCTION

Ischaemic preconditioning has been reported to
protect various organs including heart,” brain,?
kidney,» small intestine, skeletal muscle® and
liver.® Remote ischaemic preconditioning refers to
protective effect of brief episodes of ischaemia in one
region, which provides protection to severe ischaemia
in other distant organ.” Such a protective effect of re-
mote ischaemic preconditioning has been produced in
myocardium by prior occlusion and reperfusion of in-
frarenal aorta,® mesenteric,? renal!® or femoral
artery.!” Recently we have observed that remote
ischaemic preconditioning by mesenteric artery oc-
clusion-reperfusion reverses the ischaemic injury in
brain.!?

Mesenteric ischaemia has been observed to trigger
an abrupt increase in the release of insulin from
pancreas.!®!4 Insulin, per se, is documented to at-
tenuate ischaemia-reperfusion injury in brain.!® Be-
sides, activation of opioid receptors has also been im-
plicated in cardioprotective effect of remote ischaemic
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preconditioning.®!® Calcitonin gene related peptide
(CGRP) is one of the most potent dilator stimuli in
the cerebral circulation.!” Moreover, cardioprotec-
tive effect of remote preconditioning of heart has been
ascribed to the increase in the concentration of plas-
ma CGRP levels secondary to the remote ischaemia
and the consequent CGRP receptor activation.!® Ad-
ministration of CGRP in laboratory animals has been
shown to reverse the ischaemic injury in brain.!?
Therefore, the present study has been designed to in-
vestigate the role of insulin, endogenous opioids and
CGRP in the ameliorative effect of remote mesenteric
ischaemic preconditioning on global ischaemia and
reperfusion induced cerebral injury in mice.

MATERIALS AND METHODS

Male swiss albino mice weighing 2542 g, main-
tained on 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
exposed to 12 hr cycle of light and dark. All mice used
in the study were naive to elevated plus-maze test. The
experiments were conducted in a semi-sound proof
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laboratory. The animal experiments were carried out
as per the guidelines of Committee for the Purpose of
Control and Supervision of Experiments on Animals
(CPCSEA), Ministry of Environment and Forest,
Government of India (Reg. No. -107/ 1999/
CPCSEA).

Raising of Anti-insulin Serum (AIS) in Guinea
Pigs Anti-insulin serum was raised in Hartley
guinea pigs (weighing 500+25 g), using Arnim et al
method with slight modifications.?® Human insulin
was incorporated in a water-oil emulsion based on a
mixture of paraffin oil and lanolin (in aratioof 1:1:
3). A dose of 2 mg insulin is injected in divided doses
subcutaneously to guinea pigs on day 1 and day 21
and blood was withdrawn by cardiac puncture on day
28 and serum was isolated from the clotted blood by
centrifugation.

Remote Mesenteric Ischaemic Preconditioning
Mice were anaesthetized with chloral hydrate (400 mg
/kg, i.p.) . Body temperature of mice was maintained
at 37°C using heated surgical platform. A median in-
cision was made on the abdomen. Superior mesenter-
ic artery was located, freed from surrounding tissue
and a suture (numbered 5/0) was passed below it.!?
The mesenteric artery was occluded for 15 min by
tying a shoelace knot and was untied for reperfusion
of 15 min. The abdomen was sutured in layers after
the completion of one episode of remote mesenteric
ischaemic preconditioning.

Ischaemia-reperfusion Induced Cerebral Injury
Mice were anaesthetized using chloral hydrate (400
mg/kg, i.p.) . A midline ventral incision was made in
the neck to expose right and left common carotid ar-
teries, which were isolated from surrounding tissue
and vagus nerve. A cotton thread was passed below
each of the carotid artery. Global cerebral ischaemia
was induced by occluding the carotid arteries. After
10 min of global cerebral ischaemia, reperfusion was
allowed for 24 hr. The incision was sutured back in
layers.2) The sutured area was cleaned with 70%
ethanol and was sprayed with antiseptic dusting pow-
der. The animals were shifted individually to their
home cage and were allowed to recover.

At the end
of 24 hr of reperfusion after global cerebral ischae-

Assessment of Cerebral Infarct Size

mia, animals were sacrificed by spinal dislocation and
the brain was removed. The brain was kept overnight
at —4°C. Frozen brain was 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.?? TTC is converted 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 cofactor and thus remained unstained
dull yellow. The brain slices were placed over glass
plate. A transparent plastic grid with 100 squares in 1
cm? was placed over it. Average area of each brain
slice was calculated by counting the number of
squares on either side. Similarly, number of squares
falling over non-stained dull yellow area was also
counted. Infarcted area was expressed as a percentage
of total brain volume. Whole brain slices were
weighed. Infarcted dull yellow part was dissected out
and weighed. Infarct size was expressed as percentage
of total wet weight of brain.

Evaluation of Short Term Memory Using Elevated
Plus Maze
5cm) and two enclosed (16X5X 12 cm) arms, con-

Plus maze consisted of two open (16 X

nected by a central platform (5X5 cm). The appara-
tus was elevated to a height of 25 cm above the floor.
A fine line was drawn in the middle of the floor of
each enclosed arm. All the animals were given a single
trial/ day on plus maze. Each mouse was individually
placed at the end of open arm facing away from cen-
tral platform of the maze. The time taken by the
mouse to enter from open arm with all the four legs
into the enclosed arm was taken as transfer latency
time (TLT). In case the animal did not enter the en-
closed arm within 90 sec, it was gently pushed into the
enclosed arm and TLT of 90 sec was assigned to it.
The animal was allowed to explore the maze for an
additional 10 sec after the measurement of TLT.2»
The animal was exposed to elevated plus maze test for
three consecutive days.?® TLT recorded on the third
day served as an index of acquisition whereas TLT
measured on day four served as an index of memory.
After recording day 3 TLT, the animal was subjected
to global cerebral ischaemia for 10 min followed by
reperfusion for 24 hr and was again put to elevated
plus maze test. Utmost care was taken not to change
the relative location of plus maze with respect to any
object serving as visual clue in laboratory.

Inclined Beam-walking Test Inclined beam-
walking test was employed to evaluate fore and hind
limb motor coordination.? Each animal was individ-
ually placed on a metallic bar 55 cm long and 1.5 cm
wide, inclined at an angle of 60° from ground. The
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motor performance of mouse was on a scale ranging
from O to 4. A grade of 0 was assigned to animal that
could readily traverse the beam, grade 1 was given to
animal demonstrating mild impairment, grade 2 was
assigned to animal demonstrating moderate impair-
ment, grade 3 was given to animal demonstrating se-
vere impairment and grade 4 was assigned to animal
completely unable to walk on the beam. Inclined
beam-walking test was performed before global
cerebral ischaemia and 12 and 24 hr after global
cerebral ischaemia and reperfusion.

Lateral Push Test
rough surface for firm grip and evaluated for

Mouse was placed on a

resistance to lateral push from either side of
shoulder.20 The test was performed before global
cerebral ischaemia and 12 and 24 hr after global
cerebral ischaemia and reperfusion. Mice with in-
creased or decreased resistance to lateral push after
global ischaemia were assigned + or — score respec-
tively.

Experimental Protocol In total 9 groups were
employed and each group comprised of 10 animals.
Group I (Sham group) : Mouse was subjected to sur-
gical procedure and suture was passed below the su-
perior mesenteric artery but the artery was not oc-
cluded. After 30 min of surgery carotid arteries were
isolated and thread was passed below it but the arte-
ries were not occluded. After 10 min, thread was re-
moved and the animal was sutured back and allowed
to recover for 24 hr.

Group II (Control group) : Mouse was subjected to
surgical procedure and suture was passed below the
superior mesenteric artery but the artery was not oc-
cluded. After 30 min of surgery the mouse was sub-
jected to 10 min global cerebral ischaemia followed
by reperfusion for 24 hr.

Group III (Mesenteric preconditioning group):
Mouse was subjected to 15 min of mesenteric artery
occlusion followed by a reperfusion period of 15 min.
This was immediately followed by 10 min of global
cerebral ischaemia and 24 hr reperfusion.

Group IV (AIS control group): Mouse was ad-
ministered AIS (0.1 ml, intravenous) 10 min prior to
mesenteric artery isolation. Rest of procedure was
same as described for group-II.

Group V (AIS treated preconditioning group):
Mouse was administrated AIS (0.1 ml, intravenous)
10 min prior to mesenteric artery occlusion. Rest of
procedure was same as described for group-III.

Group VI (Naloxone Control Group): Mouse was
administrated naloxone (5 mg kg~!, intravenous) 10
min prior to mesenteric artery isolation. Rest of
procedure was same as described for group-II.
Group VII (Naloxone treated preconditioning
group): Mouse was administrated naloxone (5 mg
kg~!, intravenous) 10 min prior mesenteric artery oc-
clusion. Rest of the procedure was same as described
for group-III (Fig. 1).

Group VIII (a-CGRP (8-37) Control Group):
Mouse was administrated a-CGRP (8-37) (0.2 mg
kg~!, intravenous) 10 min prior to mesenteric artery
isolation. Rest of procedure was same as described
for group-II.

Group IX (a-CGRP (8-37) treated preconditioning
group): Mouse was administrated «-CGRP (8-37)
(0.2 mg kg~!, intravenous) 10 min prior mesenteric
artery occlusion. Rest of the procedure was same as
described for group-III (Fig. 1).

Drugs and Chemicals Naloxone (Samarth

Sham
Sham surg.(Mes.Ar.)  S.sur{c}

Carotid Reperfusion

30' 10 24 hr.
Control
Sham Car.Occl
surg.(Mes.Ar.)

30' 10' 24 hr.

Mesenteric Preconditioning
Mes Occl.Mes. Rep.Car. Occl.

Carotid Reperfusion

Carotid Reperfusion

15 15 10 24hr

AIS Control
Sham surg.(Mes.Ar.) Car.Occl Carotid Reperfusion
| [ |
? 30 10 24 hr.

AIS

AIS and Mesenteric Preconditioning
Mes Occl. Mes. Rep Car.Occl

Carotid Reperfusion

b

Ats 15 15 10 2ahr

Naloxone Control
Sham surg.(Mes.Ar.) Car.Occl Carotid Reperfusion
| [ |
30' 10' 24 hr.
Naloxone and Mesenteric Preconditioning
Mes Occl. Mes. Rep Car.Occl |

ho |
15' 15

Naloxoney.CGRP (8-37) Control
Sham surg.(Mes.Ar.) Car.Occl
wal

e 30 10'
u'LI'RP §-B&rP (8-37) and Mesenteric Preconditioning
Mes Occl. Mes. Rep Car.Occl
ira

10 ‘
£ 15' 15 10
a-CGRP (8-37) 15

Naloxone

Carotid Reperfusion

10' 24hr

Carotid Reperfusion

24 hr.

Carotid Reperfusion

24hr

Fig. 1. Schematic Representation of Experimental Protocol

Mes. =Mesenteric, Ar.=Artery, Occl.=Occlusion, Rep.=Reperfu-
sion, Car.=Carotid Artery, S.sur {c} =Sham Surgery (Carotid Artery Isola-
tion), surg.=surgery.
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Pharma Pvt. Ltd., Mumbai, India) , human «-CGRP ischaemia-reperfusion induced cerebral infarction.
(8-37) (Calbiochem, San Diego, USA) and chloral However, AIS (0.1 ml, intravenous) when injected
hydrate (Riedel-deHaen, Germany) were dissolved in prior to mesenteric preconditioning significantly (p<C
normal saline. All other chemicals used in the present 0.05) attenuated mesenteric preconditioning induced
study were of analar quality. All drug solutions were decrease in cerebral infarct size, occurred as a result
freshly prepared before use. of ischemia and reperfusion. Naloxone (5 mgkg™!,
Statistical Analysis Statistical analysis for in- intravenous) per se did not show any marked effect
farct size and TLT was done using one-way ANOVA on ischaemia and reperfusion induced increase in
followed by Tukey’s multiple range test as post-hoc cerebral infarct size. However, naloxone (5 mg kg—!,
analysis. Statistical significance for lateral push and intravenous), when injected prior to mesenteric
beam walking were calculated using Chi square and preconditioning significantly (p<{0.05) prevented
Wilcoxon Rank sum test respectively. A value of p<< mesenteric preconditioning induced decrease in
0.05 was considered to be statistically significant. cerebral infarct size (Fig. 2). o-CGRP (8-37) (0.2
RESULTS mg kg™ !, intr‘aver.lous) pe‘r se did I?Ot alter iscl‘laemia
and reperfusion induced increase in cerebral infarct
Effects of Mesenteric Preconditioning, AIS, size of control animals. Furthermore, o-CGRP (8-
Naloxone and «-CGRP (8-37) on Ischaemia and 37) (0.2 mg kg™!, intravenous), when injected prior
Reperfusion Induced Cerebral Infarct Size In to mesenteric preconditioning significantly (p<C0.05)
control group animals, global cerebral ischaemia fol- prevented mesenteric preconditioning induced
lowed by reperfusion produced significant cerebral in- decrease in cerebral infarct size (Fig. 2). The effects
farction (p<{0.05) measured by volume and weight of AIS, naloxone and cGRP 8-37 were not statistical-
method, when compared to sham group animals. Re- ly different on cerebral infarct size measured by

mote mesenteric preconditioning markedly attenuat- volume and weight method.
ed ischaemia and reperfusion induced increase in Effects of Mesenteric Preconditioning, AIS,
cerebral infarct size observed in control animals (Fig. Naloxone and o-CGRP (8-37) on Ischaemia and
2). This observation indicates the neuroprotective Reperfusion Induced Impairment of Short-term Me-
effect of remote mesenteric preconditioning in mory and Motor Performance Sham group
cerebral ischaemia-reperfusion injury. animals showed a significant decrease in day 4 TLT
AIS (0.1 ml, intravenous) per se did not affect when compared to their day 3 TLT indicating normal

60 -
50 - a a Sham
c Control

(2]
[¢]
(9]

=

£ Mesenteric Preconditioning

N
o
1
T
i o
(9]

B AIS control

e —

B AIS + Mesenteric
Preconditioning
& Naloxone control

N
o
L

0O Naloxone + Mesenteric
Preconditioning

Cerebral Infarct Size (%)
w
o

AR R

10 - X @ a-CGRP (8-37) control
7 B O -CGRP (8-37) + Mesenteric
Gy T o5 Preconditioning
0 i T < ; I M :

by wlume by weight

Fig. 2. Effect of Mesenteric Preconditioning, AIS, Naloxone and a-CGRP (8-37) on Ischaemia and Reperfusion Induced Cerebral
Infarct Size in Mice Measured by Volume and Weight Method
Values are mean +S.E. Statistical analysis for infarct size was done using one-way ANOVA followed by Tukey’s multiple range test as post-hoc analysis. a=p
<0.05 vs. sham, b=p<0.05 vs. control, c=p<0.05 vs. mesenteric preconditioning.
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acquisition and retrieval of memory. In control group
mice, global cerebral ischaemia followed by reperfu-
sion significantly (p<(0.05) increased day 4 TLT
when compared to day 4 TLT of sham reflecting im-
pairment of memory. Mesenteric preconditioning sig-
nificantly (p<{0.05) attenuated ischaemia-reperfu-
sion induced increase in day 4 TLT of control, in-
dicating reversal of ischaemia-reperfusion induced
impairment of memory. AIS (0.1 ml, intravenous),
naloxone (5 mg kg~!, intravenous) and «-CGRP (8-
37) (0.2 mgkg~!, intravenous) per se did not modu-
late ischaemia-reperfusion induced increase in day 4
TLT of control. However, these treatments sig-
nificantly (p<{0.05) attenuated mesenteric precon-
ditioning induced decrease in day 4 TLT (Fig. 3).

In control group mice, global cerebral ischaemia
followed by reperfusion produced significant (p<
0.05) motor incoordination noted after 12 and 24 hr
of reperfusion when compared to sham group
animals. Mesenteric preconditioning markedly
prevented (p<{0.05) ischaemia-reperfusion induced
motor incoordination. AIS (0.1 ml, intravenous),
naloxone (5 mg kg~!, intravenous) and «-CGRP (8-
37) (0.2 mgkg™!, intravenous) per se did not affect
ischaemia-reperfusion induced motor incoordination.
However, these treatments significantly (p<{0.05) at-
tenuated mesenteric preconditioning induced decrease
in motor incoordination (Fig. 4).

Global cerebral ischaemia followed by reperfusion
produced a significant (p<0.05) decrease in percen-
tage of control mice demonstrating resistance to later-
al push noted after 12 and 24 hr of reperfusion when
compared to sham group mice. Mesenteric precon-
ditioning significantly (p<{0.05) prevented ischae-
mia-reperfusion induced decrease in percentage of
mice demonstrating resistance to lateral push. AIS
(0.1 ml, intravenous), naloxone (5mgkg~!, in-
travenous) and o-CGRP (8-37) (0.2mgkg~!, in-
travenous) per se did not modify ischaemia-reperfu-
sion induced decrease in percentage of mice demon-
strating resistance to lateral push. However, these
treatments significantly (p<{0.05) attenuated mesen-
teric preconditioning induced increase in percentage
of mice demonstrating resistance to lateral push (Fig.
5).

DISCUSSION

Global cerebral ischaemia and reperfusion model
employed in the present study is reported to simulate
the clinical situation of cerebral ischaemia due to
cardiac arrest or drowning.?’-28 Cerebral ischaemia
has been reported to impair short-term memory be-
cause hippocampal neurons are susceptible to the
deleterious effects of ischaemia and reperfusion? and
hippocampus is involved in regulation of short term
memory. Cerebral ischaemia is further documented
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0O a-CGRP (8-37) + Mesenteric
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Fig. 3. Effect of Mesenteric Preconditioning, AIS, Naloxone and o-CGRP (8-37) on Ischaemia and Reperfusion Induced Impair-

ment of Short Term Memory in Mice

Values are mean + S.E. Statistical analysis for TLT was done using one-way ANOVA followed by Tukey’s multiple range test as post-hoc analysis. a=p<(0.05
day 4 TLT of sham vs. day 3 TLT of sham, b=p<{0.05 vs. day 4 TLT of sham, c=p<{0.05 vs. day 4 TLT of control, d=p<{0.05 vs. day 4 TLT of mesenteric

preconditioning.
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Effect of Mesenteric Preconditioning, AIS, Naloxone and o-CGRP (8-37) on Ischaemia and Reperfusion Induced Impair-

ment of Resistance to Lateral Push Noted after 12 and 24 hr of Reperfusion in Mice
Values are percentage of mice showing resistance to lateral push. Chi square test was used to test the statistical significance of difference between various groups.
a=p<0.05 vs. sham, b=p<0.05 vs. control, c=p<0.05 vs. mesenteric preconditioning.

to impair sensorimotor ability as well.3® Therefore,
in the present investigation we employed elevated
plus-maze test to assess short-term memory and in-
clined beam walking test and resistance to lateral push
test for evaluation of sensorimotor ability. Global
cerebral ischaemia reperfusion produced a significant
rise in infarct size and induced impairment of short
term memory as well as of motor coordination which
are in line with earlier reports in our laboratory
where.!23D In the present study remote mesenteric
ischaemic preconditioning has been observed to pre-
vent ischaemia and reperfusion induced increase in

cerebral infarct size, impairment of short-term me-
mory, motor incoordination and decrease in resist-
ance to lateral push, which is in consonance with our
earlier findings where remote mesenteric precon-
ditioning has been shown to protect the ischaemic
brain.'? Besides, remote organ ischaemic precon-
ditioning has been shown to protect brain from
ischaemic damage following asphyxial cardiac
arrest.? Further, in our study, the neuroprotective
effect of remote mesenteric ischaemic preconditioning
is attenuated by pretreatments with anti-insulin serum

(AIS), naloxone and o«-CGRP (8-37). It has been
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reported long back that a single injection of AIS
produces acute insulin deficiency in the blood.2? In-
sulin is noted to have neuroprotective effect and it has
been shown to attenuate ischaemic brain damage in-
dependent of its hypoglycemic effect.!> Recently, stu-
dies have reported that mesenteric ischaemia induces
the release of insulin from pancreas into the blood
circulation.!3:!4 Therefore, the noted protective effect
of remote mesenteric ischaemic preconditioning on
cerebral injury may be mediated through the en-
dogenous release of insulin, which is further support-
ed by our study with AIS that attenuated the protec-
tive effect of mesenteric preconditioning on ischae-
mia-reperfusion induced cerebral injury. Thus, it may
be deduced that insulin released as a result of an
ischaemic insult to the mesentery may be mediating
the resultant protection afforded by the remote
preconditioning of brain. Naloxone has been
documented to block opioid receptors, which are an
integral part of the central nervous system.3® Studies
have revealed the implication of opioid receptor acti-
vation in the cardioprotective effect of remote precon-
ditioning of heart.%'® Hence, it may also be suggest-
ed that neuroprotective effect of remote mesenteric
ischaemic preconditioning in the present study is due
to the release of endogenous opioids and consequent
activation of opioid receptors, which is further sup-
ported by our study with naloxone (a selective opioid
receptor antagonist) that attenuated the protective
effect of mesenteric preconditioning on ischaemia-
reperfusion induced cerebral injury. Calcitonin gene
related peptide (CGRP) is a highly potent vasodilator
in the vasculature of brain and is released in the nerve
terminals present in the intestine.!” Intravenous in-
jection of CGRP in murine models has been shown to
ameliorate the ischaemic injury in brain.!® Moreover,
cardioprotective effect of remote preconditioning of
heart has been linked to CGRP receptor activation.!®
Therefore, it may be probable to speculate the release
of calcitonin gene related peptide caused by remote
mesenteric ischaemic preconditioning and resultant
activation of the CGRP receptors to be responsible
for the observed neuroprotection which is further
supported by our study with -CGRP (8-37) [a selec-
tive CGRP receptor antagonist®¥ ] that abolished the
neuroprotection afforded by remote mesenteric
ischaemic preconditioning. Besides, some of the phar-
macological effects of endogenous opioids have been
seen to be additive in nature with insulin as well as

CGRP suggesting their synergism to be playing a role
in the protection afforded by the remote mesenteric
ischaemic preconditioning.35-39

On the basis of above discussion, it may be con-
cluded that remote mesenteric ischaemic precon-
ditioning exerts neuroprotective effect possibly,
mediated through the release of insulin, endogenous
opioids and calcitonin gene related peptide with con-
sequent activation of their receptors. Nevertheless,
further studies are required to elucidate the involve-
ment of insulin, endogenous opioids and calcitonin
gene related peptide in the neuroprotective manifesta-
tions of remote ischaemic preconditioning.
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