
Thrita. 2016 June; 5(2):e28771.

Published online 2016 May 30.

doi: 10.5812/thrita.28771.

Research Article

Prolonged and Intermittent Bilateral Common Carotid Artery
Occlusion Induces Brain Lipidome Changes in a Rat Stroke Model

Masoumeh Faezi,1 and Mohammad Reza Bigdeli1,*

1Department of Physiology, Faculty of Biological Sciences, Shahid Beheshti University, G.C., Tehran, IR Iran

*Corresponding author: Mohammad Reza Bigdeli, Department of Physiology, Faculty of Biological Sciences, Shahid Beheshti University, G.C., Tehran, IR Iran. Tel:
+98-2129902731, Fax: +98-2122431664, E-mail: bigdelimohammadreza@yahoo.com

Received 2015 March 17; Revised 2015 November 17; Accepted 2015 November 18.

Abstract

Background: Recent studies suggest that prolonged and intermittent bilateral common carotid artery occlusion (prolonged bilateral common
carotid artery occlusion (PO) and intermittent bilateral common carotid artery occlusion, respectively) can lead to reduced ischemia brain injury
in ischemic tolerance.
Objectives: In this study, we aimed to investigate the changes in brain lipidomics following prolonged and intermittent ischemic preconditioning.
Materials andMethods: Two groups underwent bilateral common carotid artery occlusion either intermittently (for 3 continuous periods within
a timeframe of 20 minutes, releasing 3 consecutive times, yielding a total of 9 minutes (intermittent bilateral common carotid artery occlusion))
or for 9 minutes continuously (prolonged bilateral common carotid artery occlusion). The third and fourth groups were used as control and sham
(without ischemia) groups, respectively. The first three groups were subdivided into middle cerebral artery occlusion-operated (middle cerebral
artery occlusion MCAO), for 60 minutes of ischemia) and intact (without any surgery) subgroups. After 1 hour of ischemia and 24 hours of reper-
fusion, the neurologic deficit score (neurological deficit score (NDS)) and the infarct volume (infarct volume) were assessed in the middle cerebral
artery occlusion-operated subgroup. Brain lipidomics were measured in the intact subgroup and the sham group.
Results: Preconditioning with prolonged bilateral common carotid artery occlusion and intermittent bilateral common carotid artery occlusion
significantly decreased the neurological deficit scores and infarct volume and increased the levels of phosphatidylethanolamine, sphingomyelin,
cholesterol ester, cholesterol, phosphatidylcholine, and cerebroside in the brain compared with the control and sham groups. Prolonged bilateral
common carotid artery occlusion and intermittent bilateral common carotid artery occlusion significantly decreased the brain ceramide and lyso-
phosphatidylcholine levels. The triglyceride levels in both groups (intermittent bilateral common carotid artery occlusion and prolonged bilateral
common carotid artery occlusion) did not change in comparison with the control and sham groups.
Conclusions: Although it seems that further studies are needed to clarify the real mechanisms of ischemic tolerance, ischemic preconditioning
could decrease brain ischemia injury via changes in brain lipidomics.
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1. Background

Ischemic preconditioning (IPC) (3 minutes) provides
the maximal neuroprotection when induced 2 days prior
to a lethal ischemic of a 60-minute duration (1, 2). When bi-
lateral common carotid arteries are closed, tolerance can
be induced. If IPC acts 24 hours before a lethal ischemia,
sub-lethal ischemia, the most protection is afforded. This
protective effect is maintained for at least 8 days. Transient
ischemic and 3-nitropropionic acid protects the brain by
reducing neurological deficits, the amount of tissue dam-
age, the blood-brain barrier (BBB), and cerebral edema (3).
If the brain is subjected to intermittent focal ischemia, in-
termittent global ischemia (4), and hypoxia (5), it may be
resistant to subsequent ischemia. Ischemic tolerance in-
duced by the activation of ATP-dependent potassium chan-
nels coupled with NMDA receptors (6) or adenosine recep-
tors (7) during IPC is important. Among the primery cel-
lular events that have occured following ischemia, the re-
duction of ATP stores, the production of reactive oxygen

species (ROS), and an intracellular Ca2+ overload have been
known to be critical for cells. Increases in intracellular
Ca2+ activate proteolytic and lipolytic enzymes resulting in
membrane protein and lipid degradation associated with
an aggregation of diacylglycerol, lysophospholipids (Lyso-
PL), and free fatty acids. Moreover, cell membranes are
major target sites of ROS, and lipid peroxidation events
is thought to play a critical role in ROS-mediated mem-
brane injury during post-ischemic reperfusion. The loss of
ATP reserves suppresses phospholipids reformation, con-
tributing to alterations of membrane phospholipids con-
tents. Present cellular processes have been prone to affect
membrane permeability and membrane physiology, such
as synaptic transmission, ion transport, and enzyme ac-
tivities. Alterations in phospholipids contents have been
demonstrated in various studies using different experi-
mental models of cerebral ischemia. However, the rate of
lipid turnover and the pattern of lipid changes have been
shown in Drgova et al. study (8). In this experiment, by
studying brain lipidomics we showed that intermittent
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and prolonged IPC facilitates the process of lipid synthesis
in the brain after a second ischemia.

2. Objectives

Our study was conducted to examine the effect of is-
chemic preconditioning on the brain’s lipid changes. In
fact, in this experiment was performed to investigate the
effect of prolonged and intermittent ischemic precondi-
tioning on brain lipidome changes.

3. Materials andMethods

3.1. Animals

All steps of the experimental animal methods were ap-
proved by the ethics committee of the Shahid Beheshti Uni-
versity of Iran. Throughout the study, they were provided
with water and standard rat food ad libitum. All animals
were kept in a 12:12 hour of dark-light cycle at 23 ± 2°C in
the same animal facility under the same conditions.

3.2. Experimental Protocol

Thirty male Sprague-Dawley (250 - 350 g) rats were ran-
domly allocated four experimental and a sham group in-
cluding, three groups that received an ischemic precondi-
tioning (prolonged (PO) and intermittent (IO)), and con-
trol groups. Each main animal group was assigned into
MCAO (middle cerebral artery occlusion)-operated (for as-
sesments of mortality and mordidity rates, NDS (neuro-
logical deficit score), and IV; n = 5 for PO (prolonged bi-
lateral common carotid artery occlusion) and IO (inter-
mittent bilateral common carotid artery occlusion), n =
9 for control) and intact subgroups (for brain lipidomics
assessment; n = 5 for PO and IO, n = 9 for control). Af-
ter pretreatment, rats were then placed in normal room
air, after which MCAO-operated subgroups underwent 60
minutes of middle cerebral artery occlusion (MCAO). Af-
ter 24 hours, neurologic deficits and infarct volume were
assessed. In each intact animal subgroup, except surgery,
all procedures were similar to the first subgroups. Fi-
nally, 48 hours after preconditioning, prolonged and inter-
mittent ischemic preconditioning and control subgroups
were sacrificed for the measurement of brain lipidomics
in the right hemisphere. In addition, other groups under-
went surgery without MCAO, as the sham-operated groups
(sham groups; n = 5).

3.3. Global Cerebral Ischemia

The surgical method for the occlusion of rat two-vessel
(two common carotid vessels occlusion) was adapted from
the surgical techniqe of Iwasaki et al. (9). The present
surgical technique for the induction of forebrain ischemia
was first proposed about 20 years ago (10). Briefly, under
chloral hydrate (400 mg/kg) anesthesia (Merck co., Ger-
many), a vertical midline-neck incision in neck skin was
given. Then, common carotid arteries were visualized and
isolated carefully from the vagosympathetic nerve. For IO
ischemia induction, animal brains entered into ischemic
periods by occluding the bilateral common carotid artery
(BCCA) for 3 continuous minutes of each 20 minutes (inter-
val) releasing for 3 consecutive times and reperfusion was
allowed for 20 minutes by releasing the block (3 minutes
× 3 times = 9 minutes. For the PO ischemia studies, the
rat brains were made ischemic by occluding the BCCA for a
duration of 9 minutes and reperfusion was allowed for 20
minutes. The body temperature of animals was controled
at about 37°C during the microsurgry with the help of cool-
ing and heating instruments (10, 11).

3.4. Focal Cerebral Ischemia

The animals were weighed and anesthetized with 400
mg/kg of chloral hydrate intraperitoneally (Merck, Ger-
many). MCAO was done as described by Longa et al.
(12). Briefly, during a micsurgical procedure, a 3- 0 sili-
cone coated nylon suture was introduced via the external
carotid artery stump. The occluder was extended into the
internal carotid artery 20 to 22 mm from the carotid bifur-
cation. The mild resistance of the nylon suture extention
indicated that the blood flow in the middle cerebral artery
was blocked. Reperfusion was intiated by withdrawing the
suture after 60 minutes of ischemia. The rectal tempera-
ture was controlled (Geratherm color, Germany) at 37°C.

3.5. Neurobehavioral Evaluation

After withdrawing the nylon suture, the animals were
returned to their isolated cages. Then, 24 hours after reper-
fusion, the animals were measured neurologically by an
observer who was blind to the grouping. The neurologic
deficit scoring was done using a six-point scale, as was pre-
viously presented by Longa et al. (12): normal neurologic
function = 0; flexion of the contralateral torso and fore-
limb = 1; circling to the contralateral side =2; loss of the
righting reflex (ability to regain footing from a back po-
sition) = 3; loss of motor activity and hypokinesia = 4. If
the rats died due to asphyxia, pulmonary insufficiency, and
subarachnoid hemorrhage, they were removed from the
study.
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3.6. Infarct Volume Assessment

The animals of the MCAO-operated subgroup were sac-
rificed with chloral hydrate (800 mg/kg) and then decapi-
tated, and the rat brains were rapidly removed and main-
tained in 4°C saline for 15 minutes. Eight coronal whole
brain slices of 2 mm were provided (Brain Matrix Co., Iran),
strarting at the olfactory bulb. The brain sections were sub-
merged in 2, 3, 5-triphenyltetrazolium chloride (TTC) so-
lution 2% (Merck Co., Germany) and were maintained for
15 minutes at 37°C in a water bath. Then, the brain sec-
tions were photographed by a camera (DSC-W310, Japan)
connected to a computer. Unstained areas were identified
as injury tissue and were assessed using picture analysis
software (Image Tools, NIH). The infarct or injury volume
was measured by calculating the stained and unstained ar-
eas in each hemisphere section and multiplied by section
thickness (2 mm), and then all 8 sections were summed
based on the method used in (13): corrected IV = left hemi-
sphere volume - (right hemisphere volume-IV).

3.7. Lipid Isolation, Purification, and Quantization

At 48 hours after pretreatment, the sham sham (with-
out ischemia) and intact (without any surgery) animals
were sacrificed by chloral hydrate (800 mg/kg) and decap-
itated for the assessment of lipid analysis. The penumbra,
subcortex, and core of the brain tissue were removed ac-
cording to previous methods (14). The core, penumbra,
and subcortex were weighted and stored at -80°C. These ar-
eas were then lyophilized for lipid assessment. Lipids iso-
lation and purification were done using perivious modifi-
cations procedures of lyophilized brain tissue (15, 16). The
total content of lipids was extracted with 5 mL chloroform
and methanol 1:1 by vol and 0.5 mL of dH2O. The present
solution was mixed by a magnetic stirrer for at least 8 h at
room temperature and then centrifuged for 10 minutes at
1200 × g. The supernatant was eliminated and the pellet
was dissolved with 2 mL chloroform: methanol (1:1 by vol)
and centrifuged as before. The supernatant was mixed and
maintained at 4°C for the purification and isolation of lipid
contents. The brain lipids were isolated by DEAE Sephadex
column chromatography. The lipid extract dissolved in sol-
vent A (chloroform: methanol: water, 30:60:8 by vol) was
then used in a DEAE-Sephadex column that had been equi-
librated with solvent A. The column was rinsed twice with
20 mL of solvent A, and then a fraction of neutral lipids
was collected. The fraction of lipids contained Chol, CE, PC,
Lyso-PC, PE, TG, SM, Cer, and CB.

3.8. High-Performance Thin-Layer Chromatography

The isolated lipids were assessed qualitatively us-
ing high-performance thin-layer chromatograph (HPTLC)

based on previous methods. For better lipid solubility, a
mixture of 200µL of ethanol and 100µL of chloroform was
used, and then the upper phase was used for HPTLC analy-
sis. A CAMAG TLC system composed of Linomat 5Auto sam-
pler, winCATS 1.2.2 software (CAMAG Co., Switzerland), and
TLC scanner 3 was used. Chromatography was done on TLC
pre-coated silica gel 60 F254 plates 20 × 10 cm of (Merck
Co., Germany). The sample solutions were applied to the
HPTLC plates in 6mm length at 10 mm intervals under N2

stream using a Linomat 5 applicator. For neutral phos-
pholipids, the plates were developed to a height of either
4.5 cm or 6 cm, respectively, with chloroform: methanol:
acetic acid: formic acid: water (35:15:6:2:1 v/v), and then
both were developed to 9 cm with hexanes: diisopropyl
ether: acetic acid (65:35:2 v/v). Neutral phospholipids were
detected using 3% cupric acetate in phosphoric acid (8%)
solution and then heated in an oven at 165°C for 7 min-
utes as previously described technique. The density and
distribution percentage of the individual bands was deter-
mined as done in previous methods. Briefly, the evaluation
of samples was performed by scanning at λ 350 nm with
a CAMAG TLC scanner III controlled by winCATS 1.2.2 soft-
ware (16). The employed lipid methodology is capable of vi-
sulizing relatively slight differences in the brain’s lipid lev-
els (less than 10%), as previously reported (14). Isolations of
lipids were assessed based on their retention factor (Rf ) us-
ing a HPTLC technique and comparing the previous meth-
ods laid out by (17). The resulting Rf value is insufficient for
the identification of the compound, each spot was picked
up from the plate and the predicted targets of compounds
were investigated using the offline ESI/IT mass spectrome-
try.

3.9. ESI/IT Mass Spectrometry

As mentioned above, the extracted lipid was separated
using the HPTLC method. However, the Rf value was not
sufficient for the identification of compound on the plate.
The identified fraction containing lipids was scarped from
the plate and re-extracted for 5 minutes with (methanol:
chloroform, 1:1 (v/v)) assisted by an ultrasound extraction
method. The extracts were centrifugation for 5 minutes
at 6000 g, and the supernatants were then analyzed us-
ing offline positive ESI/IT mass spectrometry (LCQ Ther-
mofisher Scientific Co., Germany). The ESI/MS (Electrospray
ionization-ion trap mass spectrometry) under the condi-
tion of 2.0 kV capillary voltage and 20 skimmer cone volt-
age was applied. In each analysis, the syringe speed was
adjusted to 25 µL/minutes under the 60 mL/minutes of
sheath gas and 20 mL/minutes of auxiliary gas. The cap-
illary temperature and the discharge current were 250°C
and 4.80 - 5.00 µA, respectively.
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3.10. Blood Flow Laser Doppler

Blood flow and velocity assessment (MBF3D, Moor In-
strument, Axminster, UK) was applied to measure the re-
gional cerebral blood flow (rCBF). The related probe of a
laser Doppler flowmeter was positioned using a stereo-
taxic device and a low-speed dental drill at the surface.
Thus, a burr hole 2 mm in diameter was provided over the
skull 5 mm lateral and 1 mm posterior to the bregma on
the right side. A needle-shaped laser probe was located on
the dura away from middle cerebral artery. Steady-state
baselines of blood flow were monitored before MCAO, so
that blood flow values were expressed as percentages of
the respective basal value in all regional cerebral areas (18).
Doppler flux was continuously assessed from -30 minutes
MCAO until +30 minutes after reperfusion.

3.11. Statistical Analysis

Lipids including CE (cholesterol ester), Chol (choles-
terol), TG (triglyceride), CB (cerebroside), Cer, PC (phos-
phatidylcholine), PE (phosphatidylethanolamine), SM
(sphingomyelin), lyso-PC (lyso-phosphatidylcholine), rCBF
(regional cerebral blood flow), and IV (infarct volume)
levels were expressed as means ± SEM. One-way ANOVA
(SPSS 16.0 post hoc LSD) was used to compare the means of
various groups. NDS were expressed as the median (range)
and analyzed using the Mann-Whitney U test. P < 0.05 was
considered significant.

4. Results

4.1. Experimental Condition Parameters

Normal cerebral blood flow features varied under the
IPC rats and did not differ from those of the control rats.
In each studied group, the induction of middle cerebral
artery ischemia reduced the mean cerebral blood flow to
less than 23% of that at baseline (Figure 1).

4.2. Effects of HO on Neurobehavioral Deficit Scores and Infarct
Volume

The median neurologic deficit scores decreased by pro-
longed and intermittent ischemic preconditioning, and
were 2 (range: 0 - 5), 1 (range: 0 - 2), and 2 (range: 2 - 4) in
the PO, IO, and control groups, respectively (Table 1). The
putative beneficial effects of prolonged and intermittent
ischemic preconditioning were confirmed by a reduction
in infarct volume. Pretreatment with prolonged and in-
termittent resulted in a reduction of infarct volume, while
RA groups had no effect. The infarct volume in core (P =
0.007 and P = 0.044), penumbra (P = 0.001 and P = 0.004),
and subcortex (P = 0.001 and P = 0.009) was significantly
reduced in intermitent and prolonged IPC groups, respec-
tively.
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Figure 2. The Effect of Prolonged and Intermittent Common Carotid Artery Occlu-
sion (IO; Black and PO; Gray) and Control (White) on Infarct Volume in the Total Area,
Core, and Penumbra and Subcortex Areas in MCAO (O) Subgroups (n = 5)

4.3. Effect of Prolonged and Intermittent Ischemic Precondition-
ing on Brain Lipidomics in the Core

The brain phosphatidylethanolamine (PE), sphin-
gomyelin (SM), cholesterol ester (CE), phosphatidyl-
choline (PC), and cerebroside (CB) levels were greater in
the prolonged common carotid artery occlusion group
when than the control groups (sham and control). PO
significantly reduced the brain cholesterol, ceramide,
and lyso-phosphatidylcholine (LPC) levels in the pro-
longed ischemic preconditioning groups. The brain
phosphatidylethanolamine, sphingomyelin, cholesterol
ester, cholesterol, phosphatidylcholine, and cerebroside
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Table 1. The Distribution of Neurologic Deficit Scores in Each Group

Code Experimental Groups NDS In Each Group Total Median Statistical Analysis

0 1 2 3 4 5 P Value

1 PO 1 1 2 0 0 1 5 2 1:3 0.22a

2 IO 2 2 1 0 0 0 5 1 1:2 0.23a

3 Control 0 0 5 1 3 0 9 2 2:3 0.004b

4 Total 3 3 8 1 3 1 19 2

a Non-significant.
b Significant.

levels were greater in the intermittent common carotid
artery occlusion group than the control groups (sham and
control). IO significantly decreased the brain ceramide
and lyso-phosphatidylcholine levels in the intermittent
ischemic preconditioning groups. The triglyceride (TG)
level in both groups (IO and PO) did not change in compar-
ison with the control groups (sham and control) (Figure
3A) (Table 2).
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Figure 3. Effect of Prolonged and Intermittent Ischemic Preconditioning in Brain
Lipidomics Levels in the Core, Subcortex and Penumbra Regions; Cholesterol Ester
(CE), Triglyceride (TG), Lyso-Phosphatidylcholine (LPC), Phosphatidylethanolamine
(PE) Phosphatidylcholine (PC), Ceramide (CER), Cerebroside (CB), Cholesterol
(CHOL), Sphingomyelin(SM) (*P < 0.05, n = 5).

4.4. Effect of Prolonged and Intermittent Ischemic Precondition-
ing on Brain Lipidomics in the Subcortex

The brain phosphatidylethanolamine, sphingomyelin,
cholesterol ester, cholesterol, phosphatidylcholine, and
cerebroside levels were greater in the prolonged common
carotid artery occlusion group than the control groups
(sham and control). PO significantly decreased the brain
ceramide and lyso-phosphatidylcholine levels in the pro-
longed ischemic preconditioning groups. The brain phos-
phatidylethanolamine, sphingomyelin, cholesterol ester,
cholesterol, phosphatidylcholine, and cerebroside levels
were greater in the intermittent common carotid artery
occlusion group than the control group (sham and con-
trol). IO significantly decreased the brain ceramide and
lyso-phosphatidylcholine levels in the intermittent is-
chemic preconditioning groups. The triglyceride level in
both groups (IO and PO) did not change in comparison
with the control groups (sham and control) (Figure 3B) (Ta-
ble 2).

4.5. Effect of Prolonged and Intermittent Ischemic Precondition-
ing on Brain Lipidomics in the Penumbra

The brain phosphatidylethanolamine, sphingomyelin,
cholesterol ester, cholesterol, phosphatidylcholine and
cerebroside levels were greater in the prolonged com-
mon carotid artery occlusion group than the control
groups (sham and control). PO significantly decreased
the brain ceramide and lyso-phosphatidylcholine levels
in the prolonged ischemic preconditioning groups. The
brain phosphatidylethanolamine, sphingomyelin, choles-
terol ester, cholesterol, phosphatidylcholine, and cere-
broside levels were greater in the intermittent common
carotid artery occlusion group than the control groups
(sham and control). IO significantly decreased the brain
ceramide and lyso-phosphatidylcholine levels in the in-
termittent ischemic preconditioning groups. The triglyc-
eride level in both groups (IO and PO) did not change in
comparison with the control groups (sham and control)
(Figure 3C) (Table 2).
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Table 2. Effect of Prolonged (PO) and Intermittent (IO) Ischemic Preconditioning on Brain Lipidomics in the Core, Subcortex, and Penumbra Regionsa

Groups and Brain Regions PE SM CE PC Chol CB Lyso- PC TG Cer

PO

core < 0.000 < 0.000 NA < 0.000 0.002 NA < 0.000 NA < 0.000

sub < 0.000 < 0.000 < 0.000 P < 0.000 NA < 0.000 NA NA 0.008

pen < 0.000 < 0.000 NA < 0.000 NA 0.002 NA NA < 0.000

IO

core < 0.000 < 0.000 NA < 0.000 0.002 NA < 0.000 NA < 0.000

sub < 0.000 < 0.000 < 0.000 < 0.000 NA < 0.000 0.001 NA 0.001

pen < 0.000 < 0.000 NA < 0.000 0.037 0.002 0.002 NA 0.000

Abbreviation: NA, not available.
a All were obtained significant.

4.6. Comparison of the Effect of Prolonged and Intermittent Is-
chemic Preconditioning in the Right Hemisphere

In the right hemisphere, the levels of all lipids in-
creased more in the IO group than in the PO group, except
for ceramid and lyso-phosphatidylcholine. The triglyc-
eride levels remain the same in both the IO and PO groups
(Figure 4).
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(*P < 0.05, n = 5).

4.7. ESI/IT Mass Spectrometry

As mentioned above, isolations of lipids were detected
their retention factor (Rf ), using the HPTLC method by
comparing the previous reports by (16) (Figure 5). On the
other hand, the Rf value is not sufficient for the detection
of compounds on the TLC plate; as a result, each spot was
picked up from the plate and the predicted targets of com-
pounds were investigated using offline mass spectrometry.
The molecular weight of various lipids in the rat brain sam-
ples is shown in our previous study (19).

Figure 5. HPTLC of the Core, Subcortex, and Penumbra Brain Lipids in the Rats Pre-
treated With IO and PO
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5. Discussion

The present study was the first to examine the effects
of prolonged and intermittent bilateral common carotid
artery occlusion on the brain lipidome in a focal cerebral
ischemia animal model. The findings indicate that IV, NDS,
and the brain Cer and lyso-pc levels might be lessened by a
precondition with bilateral common carotid artery occlu-
sion in an accurate animal model of a stroke followed by
reperfusion.

The results demonstrated that the exposure of the
brain to 9 minutes (PO) and 3 minutes (3 times) (IO) (be-
tween each occlusion, reperfusion was performed for 20
seconds) cerebral ischemia using the two-vessel occlusion
technique to induce global intermittent ischemia provides
strong neuroprotection against ischemic neuronal dam-
age produced by a subsequent 60-minutes period of is-
chemia. It has been shown that if the brain experiences 3
minutes of cerebral ischemia in the two-vessel occlusion
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model of global intermittent ischemia, it is supplied with
a dominant protection against ischemic neuronal dam-
age caused by a subsequent 6- to 15-minutes period of is-
chemia (2). It has been reported that a precondition with
a 3-minutes sub-lethal ischemia protects the rat hippocam-
pus against subsequent deadly ischemic neuronal damage
induced by a 6-minutes ischemia (7).

In our studies, ischemia inducted 3 times for 3 min-
utes led to greater protection than 9 minutes of ischemia.
The results of the comparison of these two preconditioners
on brain lipid levels after the induction of focal ischemia
showed that in all three brain regions, the levels of all
the lipids increased in the IO group more than in the PO
group, except for ceramide and lyso-phosphatidylcholine.
The triglyceride levels remained unchanged in both the IO
and PO group. It has been reported that 1 to 2 minutes of is-
chemia is not sufficient to create tolerance, but 3 minutes
provides protection (2).

Arachidonic acid and docosahexaenoic acid are free
fatty acids that accumulate during focal cerebral ischemia,
which is due to the activity of both phospholipase A2 and
phospholipase C (20).

It has been reported that about 10 minutes after 30
minutes bilateral common carotid artery occlusion (BC-
CAO) increases the pool of free fatty acids in gerbil. Bralet et
al. found that bilateral carotid artery occlusion in rats for
6 h led to a permanent increase in the FFA levels with a pro-
gressive deterioration of cerebral energy metabolism, sug-
gesting a relationship between the two present processes
(21).

This study demonstrates that preconditioning with in-
termittent and prolonged bilateral common carotid artery
occlusion (PO) reduced the brain Cer and lyso-PC levels
in comparison with the control and sham groups. Some
selective reduction of specific phospholipids in a short
period of ischemia was observed (21). It has been noted
that sphingomyelinase is triggered by a performance fac-
tor called arachidonic acid for the production of ceramide.
Ceramide can induce apoptosis via the inhibition of a mi-
tochondrial electron transport chain and the release of cy-
tochrome C. Caspase-3 is activated by cytochrome c, which
can induce cell apoptosis (20). The high levels of ceramides
in the brain may trigger inflammatory pathways in addi-
tion to negative effects in neurons in the aging process (22).

Our data suggest that the rise in brain PC levels
caused by intermittent and prolonged bilateral common
carotid artery occlusion mediated neuroprotection. The
stroke model can lead to the activation of phospholipase,
which will lead to a decrease in PC. Ischemia and reper-
fusion cause the failure of cytidylyltransferase phospho-
choline activity, which is moderately corrected by cytidine-
diphosphocholine. A deficiency in phosphocholine cytidy-

lyltransferase can cause cell death by reducing the synthe-
sis of PC (20). It has been demonstrated that post–transient
MCAO neuronal injury is more hazardous in the subcor-
tex than the cortex (23). It has also been reported that rat
brains under extreme hypoxia conditions can experience
an increase in free fatty acids. Moreover, two chief enzymes
for the de novo synthesis of the PC in whole cell experi-
ments on cardiomyocytes (i.e., choline kinas and CTP phos-
phocholine cytidylyltransferase) are inhibited by hypoxia
as well as glucose deprivation. It has also been demon-
strated that the choline kinase enzyme was restrained by
acidosis in a cell-free experiment (24). Previous studies
have shown that in the pH in the brains of stroke patients
is significantly reduced (25).

In a BCCAO model, cerebral blood flow has been re-
ported to decrease nearly 50%, whereas in a four-vessel oc-
clusion model, it decreased by 95%. In BCCAO rats, at the
level of the hippocampus, a number of customary neu-
rochemical changes have been reported. In BCCAO rats,
the formation of the inositol phosphate is increased, i.e.,
an effect that has also been shown to occur following is-
chemic injury. In addition, 7- aminobutyric acid (GABA)
content is increased whereas the acetylcholine concentra-
tion is reduced (26). It has been shown that in precondi-
tioned brains, protein formation improves following a sec-
ond ischemia; i.e., it improves even quicker than after short
ischemic preconditioning (27).

Our studies showed that preconditioning with inter-
mittent and prolonged bilateral common carotid artery
occlusion increased CB brain levels in comparison with
the control and sham groups. A myelin sheath is chiefly
composed of lipids named galactocerebrosides and sul-
phatides. It has been shown that cerebroside and the
concentration of sulphatides decreases during ischemia,
which decreases the intracellular pH in cells and thereby
could lead to a release of lysosomal hydrolyses (28).

Preconditioning with intermittent and prolonged bi-
lateral common carotid artery occlusion did not lead to dif-
ferent TG levels than the control groups. During ischemia
and hypoxia, the TG turnover inhibition did not change in
the myocardial TG level. However, it has been proposed
that TG return is precipitated during ischemia and reper-
fusion (29). The brains of rats that were treated for 8 weeks
with an olive oil diet (15%) showed higher levels of choles-
terol and triglycerides than a control group (30).

IPC is a technique used to ensure the safety of tissues
and organs against ischemia/reperfusion damage from de-
creasing ROS levels, lipid peroxidation, and apoptosis (31).

This paper examined the effect of common carotid
artery occlusion on brain lipidomics, which is critical in
the estimation of neuroprotection. In the training of both
in vivo and in vitro organs, prior researchers have reported
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that the increase in the concentration of lipid peroxida-
tion products was due to ischemia-reperfusion damage. It
was also reported that oxygen free-radical production may
cause lipid peroxidation to occur (32).

Our studies showed that preconditioning with inter-
mittent and prolonged bilateral common carotid artery
occlusion caused an increase in brain Chol and CE levels
in comparison with the control and sham groups. Tight
junctions are rich in cholesterol and are known as charac-
teristics of the blood-brain barrier’s impermeability. The
blood-brain barrier’s inability to maintain ionic gradients
caused by reperfusion and ischemia has been associated
with cerebral edema (33). During ischemia, oxidative stress
can cause a variety of disturbances in cholesterol and sph-
ingolipid metabolism. Recent studies have demonstrated
that ceramide and oxidative stress can lead to an increase
in cholesterol in non-neuronal cells. The inhibition of acyl-
CoA -cholesterol acyl transferase (a converting enzyme that
turns free cholesterol into cholesterol esters), which has
the ability to stimulate apoptosis in addition to statins (or
HMG-CoA reductase inhibitors) that are able to keep neu-
rons away from ischemic oxidative injury, confirms the
toxicity of increased levels of free cholesterol to cells (22).
There is no confirmation of the gaping of the blood-brain
barrier in BCCAO rats (34).

Our study shows that preconditioning with intermit-
tent and prolonged bilateral common carotid artery occlu-
sion reduced the brain lyso-PC levels in comparison with
the control and sham groups. It has been reported that
a decrease in phospholipids increased the amount of free
fatty acids followed by phospholipase activation during
the first day of reperfusion (35).

It has been reported that phospholipases are activated
in neurons in several ways: 1) membrane damage through
phospholipid deprivation, 2) increased calcium entry, and
3) the formation of lyso-PC that can be metabolized to
platelet-activating factors (36).

It has been shown that PC homeostasis is controlled by
the opposing effects of PCCT and the accumulation effects
of PLA2, PC-PLC, and PC-PLD. It has been reported that Lyso-
PC to overcome PCCT activity can lead to the disruption of
PC synthesis. While the inhibition of PC synthesis is suffi-
cient to result in cell death, a failure of PC may be a danger-
ous factor leading to neuronal damage (37).

Preconditioning with intermittent and prolonged bi-
lateral common carotid artery occlusion can also increase
the brain’s SM levels. Our study showed that treat-
ment with intermittent and prolonged bilateral common
carotid artery occlusion increased SM compared to the
control and sham groups. It has been reported that the
loss of SM was rapidly observed after an ischemia/ one-day
reperfusion. It has also been shown that an increase of

ROS during ischemia followed by increased tumor necro-
sis factor-α stimulates the sphingomyelinase enzyme (35).

It has been shown that the main source of cellular ce-
ramide is provided by one of several sphingomyelinases
that can hydrolyze the SM. Therefore, the selective hydrol-
ysis of a mitochondrial collection of SM by overexpressed
sphingomyelinase in mitochondria induces cellular apop-
tosis (38).

A histological analysis of the brain after ischemia sug-
gested that myelin was relatively resistant to ischemic in-
jury. Thus, the myelin structure is destroyed during the fi-
nal stage of ischemic tissue damage (39).

Our experiments demonstrated that a rise in the
brain’s PE levels can be achieved through precondition-
ing with intermittent and prolonged bilateral common
carotid artery occlusion. It has been shown that a minor
level of PE in Alzheimer disease might result in a decrease
in total phospholipids (40). PE has also been reduced to 25
percent during prolonged ischemia (21).

In summary, our data suggest that a brain lipidome
change in ischemic-reperfusion has an effect on the neu-
roprotection system and is therefore a critical entailment
in stroke pathogenesis. In our studies, ischemia for 3 min-
utes, induced 3 times, leads to greater protection than 9
minutes of ischemia on the brain’s lipid levels. Further
research is needed to expand on these findings. Finally,
we hope to see further advancement in cerebro-protective
strategies for those at risk of stroke or those whose cerebral
perfusion might be decreased when the time of surgery
comes.
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