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ABSTRACT

Increased levels of proinflaimmatory cytokines have been recorded after the onset of
transient or permanent brain ischemia and are usually associated with exacerbation of
ischemic injury. Embolic stroke model is more relevant to the pathophysiological situation in
such patients, because the majority of ischemic injuries in humans are induced by old
thrombi that originate from the heart and carotid arteries. Therefore, the aim of the present
study was to investigate changes of inflammatory cytokines after embolic stroke.

Rats were subjected to embolic stroke, induced by a natural old clot which was injected in
Middle Cerebral Artery (MCA), ot sham stroke, which the same volume of saline was
injected into the MCA. At 48 h after stroke induction, the levels of 5 cytokines (IL-1a and f,
IL-6, IFN-y and TNF-a) were determined in 500 pg of total protein using the Bio-Plex Rat
Cytokine Array (BioRad), according to the manufacturer’s instructions in ischemic and non-
ischemic cortices.

While stroke animals showed infarctions and neurological deficits, we did not observe any
cerebral infarction and neurological deficits in sham-operated animals. The levels of IL-Ta
(»p=0.000) and -8 (p =0.004), IL-6 (p =0.008), TNF-a (p =0.000) and IFN-y (p =0.044) were
significantly increased compared to sham treated animals.

The findings of the present study suggest that part of ischemic injury in the embolic
stroke may be mediated through the increased levels of inflammatory cytokines.
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INTRODUCTION

Inhibition of inflammation has been suggested for some
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time as a therapeutic target for stroke, especially
because of the delayed time course over which it occurs
leaving a long therapeutic window for intervention.'?
There is increasing evidence from clinical studies and
experimental animal research that inflammation
contributes not only to the deleterious consequences of
ischemic stroke but also to its recovery and repair.3'5
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Increased levels of cytokines including tumour necrosis
factor  alpha (INF-00),®  interleukin-1  (IL-1),
Interleukin-6 (IL-6)° and interferon gamma (IFN-'y)9
have been recorded after the onset of ischemia in
rodents and are usually associated with exacerbation of
ischemic  injury.  Conversely, anti-inflammatory
cytokines are also up-regulated in experimental stroke.
Increased interleukin-10 (IL-10) levels have been
observed during stroke' and IL-10 reduces infarct
volume.'' In human subjects, low IL-10 levels are
linked with an increased risk of stroke.'? Less is known
about granulocyte macrophage-colony stimulating
factor (GM-CSF), IL-2 and IL-4, however, all have
been reported to have neuroprotective effects when
administered after experimental stroke.’® Hence, the
inhibition of anti-inflammatory mediators would be
detrimental.

Embolic stroke model, induced by natural old clots,
is more relevant to the pathophysiological situation in
patients, because the majority of ischemic injuries in
humans are induced by old thrombi that originate from
the heart and carotid arteries. Changes of pro-
inflammatory cytokines have not yet been investigated
following embolic model of stroke. Since the increased
levels of the above proinflammatory cytokines were
associated with brain injury, the aim of the present
study was to investigate changes of cytokine
production following the embolic model of cerebral
ischemia.

MATERIALS AND METHODS

Surgical Preparation, Animals and Experimental
Groups

All procedures used in this study were approved by
animal ethic committee of Rafsanjan University of
Medical Sciences. Male wistar rats (weighing 300 to
350g) were anesthetized with 5% isoflurane (5% in
30% 02 and 70% N20O) and subjected to embolic
stroke or sham operated. Body temperature was
maintained normothermic (37°C) throughout. Cytokine
levels, infarct volume and behavioural outcome were
determined in 16 animals randomly assigned to stroke
(n=8) or sham stroke (n==8).

Induction of Embolic Stroke Model

Embolic stroke was induced by placing a preformed
clot into the Middle Cerebral Artery (MCA). We used
the technique that achieves stable occlusion with less
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failed embolizations (by using laser Doppler) and a low
percentage of early recanalizations by a selective MCA
occlusion. In this method, infarctions are consistent in
both size and distribution within the MCA perfusion
territory."'* Briefly, a longitudinal incision of 1.5cm in
length was made in the midline of the ventral cervical
skin. The right common carotid artery, internal carotid
artery, and external carotid artery were exposed. The
distal portion of the external carotid artery was ligated
and cut. The modified PE-50 tubing with the 20mm
clot was connected to a 50pl Hamilton lock syringe,
and advanced 17-19mm in the internal carotid artery
until its tip was inside of the MCA. The clot was then
injected, and the catheter was removed. The wound was
closed and the animal was returned to its cage. A
minimum initial reduction of 70% in the laser Doppler
reading was considered a successful occlusion of MCA
perfusion territory. Animals that did not show 70%
reduction in the laser Doppler reading, were deemed to
have had failed successful clot placement and were
excluded from any further study. For sham-operated
animals, the surgery was the same except Spl saline
was injected into MCA. The stroke surgeon was
blinded to the drug treatment regimen throughout the
experiments. The duration of the surgery did not
exceed 30min in any case. All animals were sacrificed
at 48h after MCA occlusion (MCAO0).

Cerebral Blood Flow and Blood Gases

Arterial blood was obtained from the tail artery and
blood gases (Pao2, Paco2), pH and glucose were
analysed 5min before and after embolization
(Radiometer Medical A/S, Copenhagen, Denmark).
Relative regional cerebral blood flow was monitored
with laser Doppler monitor (LD-CBF) extradurally
(Imm posterior to the bregma and just lateral to the
linea temporalis) according to Dinapoli et al'.
Recordings were taken at a frequency of 2Hz for a
minimum of 10min prior to embolization, continuously
throughout the surgery and for a minimum of 5min
after embolization."

Behavioural Testing

Neurological deficits were recorded at 24, 48 and
72 hr after embolic stroke and determined with a
modified 6-point scoring system15 as follows: 0, no
observable deficit; 1, forelimb flexion; 2, forelimb
flexion plus decreased resistance to lateral push; 3,
unidirectional circling; 4, unidirectional circling plus
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decreased level of consciousness; and 5, death.

Measurement of Infarct Volume

At 48h after stroke, rats were decapitated, brains
removed and cut into 6 x 2mm coronal sections using a
rat brain matrix. A small part of the ischemic tissue
from each brain was immediately isolated, frozen on
dry ice and stored at -80°C for determining cytokines
level. Infarct volume was quantified in sections stained
with 2% 2, 3, 5- triphenyltetrazolium chloride using a
color flatbed scanner and image processing software as
previously described.! The total volume of each
hemisphere and infarction were determined by
integration of the distance of the 6 sections. Infarctions
were adjusted to the size of contralateral hemisphere by
applying the following formula: Infarct volume=
(volume of left hemisphere-(volume of right
hemisphere-measured infarct volume))/ volume of left
hemisphere. Analysis of images was conducted by a
blinded observer.

Quantification of Cytokine Concentrations in the
Injured Cortex

To determine the concentrations of cytokines and
leukocyte-attracting chemokines in the injured cortex,
rats were killed at 48h after embolization by
decapitation. The frozen ischemic (stroke) or non-
ischemic (sham) cortical parts of brains were
homogenised in ice-cold extraction buffer containing
Tris-HCI (50mM, pH 7.2), NaCl (150mM), Triton-X
(1%) and 1 tablet of protease inhibitor cocktail per
10ml solution (Boehringer Mannheim) at a ratio of 1:4
(tissue: buffer). Samples were homogenized, shaken for
90min on ice and centrifuged at 10,000g for 15min at
4°C, aliquoted and frozen until analysis. Protein from
tissue specimens were extracted by using a cell lysing
kit (Bio-Rad) according to the manufacturer's
recommendations. Then, the proteins extracts were
stored frozen at —-80°C until analyzed. Protein
homogenates were prepared from the cortex and total
protein concentrations were measured with the
Bradford assay. The levels of 5 cytokines (IL-1a, IL-p,
IL-6, IFN-y and TNF-a) were determined in 500ug of
total protein using the Bio-Plex Rat Cytokine Array
(BioRad), according to the manufacturer’s instructions.
In brief, the premixed standards were reconstituted in
0.5ml of a Bio-Plex rat tissue standard diluent,
generating a stock concentration of 50,000pg/ml
for each cytokine. The standard stock was serially
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diluted in the Bio-Plex rat tissue standard diluent
to generate eight points for the standard curve.
The assay was performed in a 96-well filtration plate
supplied with the assay kit. Premixed beads (50ul)
coated with target capture antibodies were transferred
to each well of the filtration plate and washed twice
with Bio-Plex wash buffer. The samples were diluted
1:4 in the Bio-Plex tissue sample diluent. Premixed
standards or diluted samples (50ul) were added to
each well containing washed beads. The plate was
shaken and incubated at room temperature for 30min
at low speed (300rpm). After incubation and washing,
premixed biotin conjugated detection antibodies
were added to each well. Then the plate was incubated
for 30min with shaker at low speed (300rpm).
After incubation and  washing, streptavidin-
phycoerythrin was added to each well. The incubation
was terminated after shaking for 10 min at
room temperature. After washing, the beads
were resuspended in 125pl of Bio-Plex assay buffer.
Beads were read on the Bio-Plex suspension array
system (Bio-Rad), and the data were analyzed using
Bio-Plex Manager software version 3.0 with 5SPL curve
fitting.

Statistical Analysis

Data are expressed as mean + SEM. Physiological
parameters, cytokine concentrations and infarct volume
were compared by Student’s t-test. Neurological
deficits were reported as medians and interquartile
ranges (25th and 75th percentiles) and were analyzed
with Kruskal-Wallis test. A value of p<0.05 was
considered to be significant.

RESULTS

There were no significant differences between
groups in any of the physiological parameters measured
(Table 1). We did not observe any cerebral infarction
in sham-operated animals but embolization of MCA
with the clot induced a huge infarction as shown
in figurel. While no neurologic change observed in
the sham operated animals, all stroke animals showed
neurological deficits 24 and 48h post-ischemia. There
were no significant differences in initial mean
laser Doppler readings between treatment groups.
Percentage laser Doppler reductions were 77 £ 5%
and 5 * 2% for stroke and sham-operated groups,
respectively.
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Table 1. Summary of physiological values pre- and post-stroke or sham surgery

Treatment pH Paco, (mmHg) Pao,(mmHg) Glucose(Mmol/l) MAP(mmHg)
Stroke (n=5)

Pre-surgery 7.40 £0.04 351+1.4 1740+ 8.4 14.0+0.4 94919
Post-surgery 7.40 £0.02 36.8+3.5 155.7£10.3 152+1.8 939+33
Sham (n=5)

Pre-surgery 7.40 £0.01 37.7+2.0 1479 £15.6 14.6 £0.6 945 +2.1
Post-surgery 7.38 £0.20 42.0+3.6 143.5+10.2 16.6 £0.8 86.2+2.6

Physiological parameters are shown as mean + SEM. There was no significant difference between groups before or after stroke surgery. N=5 in each

group.

Ipsilateral hemisphere

Sham

Figure 1. 2,3,5-triphenyltetrazolium chloride (TTC)-
stained coronal brain sections obtained from stroke and

Stroke

sham-operated groups at 48 hours after embolic stroke.
The infarcted areas are observed white while normal
tissues are stained red. The marks in sections show the
area that brain tissues were harvested for Quantification
of cytokine concentrations.

The level of inflammatory cytokine IL-6 in stroke
and sham groups is presented in Figure 2. Compared to
the sham group, IL-6 level was significantly increased
in the ipsilateral (p<0.01) hemesphere of stroke
animals. Level of IL-1a and  were also significantly
increased in the ipsilateral hemesphere of stroke
animals (Figure 3; p<0.001). Compared to the sham
group, TNF- o level was significantly increased in the
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ipsilateral hemesphere of stroke animals (p<0.001)
(Figure 4). Our date also showed that embolic stroke
insult significantly increased IFN-y level in the
ipsilateral hemesphere of stroke animals (Figure 5;
p<0.01). No significant change was observed between
sham and stroke animals in the cytokine levels of
contralateral hemispheses.
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Figure 2. IL-6 concentrations in the ischemic and non-
ischemic brains of rats. ** p<0.01 compared to sham at
the same hemesphere. N= 8 for each group.
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Figure 3. IL-1a and B concentrations in the ischemic and
non-ischemic brains of rats. ** p<0.001 compared to sham
at the same hemesphere. N= 8 for each group.
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Figure 4. TNF- a concentration in the ischemic and non-
ischemic brains of rats. ** p<0.001 compared to sham at
the same hemesphere. N= 8 for each group.
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Figure 5. IFN-y concentration in the ischemic and non-
ischemic brains of rats. ** p<0.01 compared to sham at
the same hemesphere. N= 8 for each group.

Table 2. Neurological deficits of sham or stroke at 24 and
48 hr following the onset of ischemia

hr Stroke Sham
24 3 (1.75-3.25) 0
48 3 (2-3.5) 0

Neurological deficits were measured by a six-score scale at 24 and
48hr following the embolic cerebral ischemia onset. The data are
presented as median, 25" and 5th percentiles (percentiles in the
parentheses).

DISCUSSION

In the present study, we investigated effect of
embolic stroke on pro-inflammatory cytokines in rats’
ischemic hemisphere. Our results demonstrated that IL-
6, IL-1a, IL-1B, TNF-0 and IFN-y were increased in
ischemic hemisphere following embolic stroke.

Mechanisms resulting in cell death and tissue injury
during cerebral ischemic insult are complex and
include excitotoxicity, oxidative stress and
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inflammation.'®

In recent years, it has become
increasingly clear that brain injury following ischemia
is highly associated with the inflammatory response,
involving the infiltration of mononuclear phagocytes
and the activation of microglia.'” Recruitment of
polymorphonuclear cells is one of the initial events of
cerebral ischemia and triggers the release of reactive
oxygen species (ROS) which ultimately result in brain
injury.” In addition, it is widely accepted that
microglia-induced neuro-inflammation has a clear role
in ischemia-induced brain injury. After stroke, many of
the inflammatory cells migrate from the blood vessels
and accumulate in the infarct zone to contribute to
neuroinflammation.'®

It has been recently reported that inflammatory
cytokines such as TNF-a, IL-1a, IL-1f and IL-2 are
increased after brain ischemia and contributed to
neuronal damage. In addition, PRE-084, a selective
sigma-1 receptor agonist, has reversed this neuronal
injury by blocking these inflammatory cytokines.19 It
has been shown that IL-6, IL-1a, IL-1 and TNF-a are
the first secreted cytokines during inflammation.”’
These cytokines induce several parameters of
inflammation including expression of selectins (E and
P selectins), integrines and chemokines on the
endothelial cells of inflamed vessels to recruit effector
immune cells to the inflammation sites.”'** They also
are the main causes for release of neutrophil from bone
morrow to the peripheral blood.” Additionally, IL-6,
IL-1a, IL-1B and TNF-a can affect hypothalamus and
hepatocytes to induce fever** and acute phase response
proteins secretion,” respectively . On the other hand,
IFN-y is the main inflammatory cytokine that is
produced by T lymphocytes and natural killer cells.”
IFN-y has receptors on the antigen processing cells,
such as macrophages and dendritic cells, and lead to
activation of the cells to produce inflammatory
cytokines, including IL-12, and also increased
expression of type 2 MHC."*® All of these phenomena
lead to inflammation in the target tissues.

In summary these result suggest that in embolic
model of stroke, similar to other models of ischemia,
pro-inflammatory cytokines are increased in ischemic
areas and may contribute to the pathogenesis of
ischemia.

ACKNOWLEDGEMENTS

This study was financially supported by the grant

Iran J Allergy Asthma Immunol, Spring 2014/129

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)



H. R. Jafarinaveh, et al.

no 9/1288 from Research Vice Chancellor of Rafsanjan
University of Medical Sciences, Iran.

REFERENCES

1. Allahtavakoli M, Moloudi R, Arababadi MK, Shamsizadeh
A, Javanmardi K. Delayed post ischemic treatment with
Rosiglitazone attenuates infarct volume, neurological deficits
and neutrophilia after embolic stroke in rat. Brain Res
2009;1271:121-7.

2. Bourrie B, Bribes E, Derocq JM, Vidal H, Casellas P. Sigma
receptor ligands: applications in inflammation and oncology.
Curr Opin Investig Drugs 2004; 5(11):1158-63.

3. Adibhatla RM, Dempsy R, Hatcher JF. Integration of cytokine
biology and lipid metabolism in stroke. Front Biosci 2008;
13:1250-70.

4. Kadhim HJ, Duchateau J, Sebire G. Cytokines and brain
injury: invited review. J Intensive Care Med 2008;
23(4):236-49.

5. Wang Q, Tang XN, Yenari MA. The inflammatory response
in stroke. J Neuroimmunol 2007; 184(1-2):53-68.

6. Haqgani AS, Nesic M, Preston E, Baumann E, Kelly J,
Stanimirovic D. Characterization of vascular protein
expression patterns in cerebral ischemia/reperfusion using
laser capture microdissection and ICAT-nanoLC-MS/MS.
Faseb J 2005; 19(13):1809-21.

7. Mulcahy NJ, Ross J, Rothwell NJ, Loddick SA. Delayed
administration of interleukin-1 receptor antagonist protects
against transient cerebral ischaemia in the rat. Br J
Pharmacol 2003; 140(3):471-6.

8. Smith CJ, Emsley HC, Gavin CM, Georgiou RF, Vail A,
Barberan EM, et al. Peak plasma interleukin-6 and other
peripheral markers of inflammation in the first week of
ischaemic stroke correlate with brain infarct volume, stroke
severity and long-term outcome. BMC Neurol 2004; 4(2):2.

9. Lambertsen KL, Gregersen R, Meldgaard M, Clausen BH,
Heibol EK, Ladeby R, et al. A role for interferon-gamma in
focal cerebral ischemia in mice. J Neuropathol Exp Neurol
2004; 63(9):942-55.

10. Strle K, Zhou JH, Shen WH, Broussard SR, Johnson RW,
Freund GG, et al. Interleukin-10 in the brain. Crit Rev
Immunol 2001; 21(5):427-49.

11. Ooboshi H, Ibayashi S, Shichita T, Kumai Y, Takada J, Ago
T, et al. Postischemic gene transfer of interleukin-10 protects
against both focal and global brain ischemia. Circulation
2005; 111(7):913-9.

12. van Exel E, Gussekloo J, de Craen AJ, Bootsma-van der Wiel
A, Frolich M, Westendorp RG. Inflammation and stroke:
the Leiden 85-Plus Study. Stroke 2002; 33(4):1135-8.

13. Todo K, Kitagawa K, Sasaki T, Omura-Matsuoka E, Terasaki
Y, Oyama N, et al. Granulocyte-macrophage colony-
stimulating factor enhances leptomeningeal collateral growth

130/ Iran J Allergy Asthma Immunol, Spring 2014

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

induced by common carotid artery occlusion. Stroke 2008;
39(6):1875-82.
Dinapoli VA, Rosen CL, Nagamine T, Crocco T. Selective
MCA occlusion: a precise embolic stroke model. J Neurosci
Methods 2006; 154(1-2):233-8.
Bederson JB, Pitts LH, Tsuji M, Nishimura MC, Davis RL,
Bartkowski H. Rat middle cerebral artery occlusion:
evaluation of the model and development of a neurologic
examination. Stroke 1986; 17(3):472-6.
Lo CJ, Lin JG, Kuo JS, Chiang SY, Chen SC, Liao ET, et al.
Effect of salvia miltiorrhiza bunge on cerebral infarct in
ischemia-reperfusion injured rats. Am J Chin Med 2003;
31(2):191-200.
Muir KW, Tyrrell P, Sattar N, Warburton E. Inflammation
and ischaemic stroke. Curr Opin Neurol 2007; 20(3):334-42.
Zheng Z, Yenari MA. Post-ischemic inflammation:
molecular mechanisms and therapeutic implications. Neurol
Res 2004; 26(8):884-92.
Allahtavakoli M, Jarrott B. Sigma-1 receptor ligand PRE-084
reduced infarct neurological deficits, pro-
inflammatory cytokines and enhanced anti-inflammatory
cytokines after embolic stroke in rats. Brain Res Bull 2011;
85(3-4):219-24.
Saylor PJ, Kozak KR, Smith MR, Ancukiewicz MA,
Efstathiou JA, Zietman AL, et al. Changes in Biomarkers of
Inflammation

volume,

and Angiogenesis During Androgen
Deprivation Therapy for Prostate Cancer. Oncologist 2012;
17(2):212-9.

Vestweber D. Lymphocyte trafficking through blood and
lymphatic vessels: more than just selectins, chemokines and
integrins. Eur J Immunol 2003; 33(5):1361-4.

Issekutz AC, Rowter D, Macmillan HF. Intravenous
immunoglobulin G (IVIG) inhibits IL-1- and TNF-alpha-
dependent, but not chemotactic-factor-stimulated, neutrophil
transendothelial migration. Clin Immunol 2011; 141(2):187-
96.

Rusu D, Drouin R, Pouliot Y, Gauthier S, Poubelle PE. A
bovine whey protein extract stimulates human neutrophils to
generate bioactive IL-1Ra through a NF-kappaB- and
MAPK-dependent mechanism. J Nutr 2009; 140(2):382-91.
Ferrante L, Opdal SH, Vege A, Rognum TO. IL-1 gene
cluster polymorphisms and sudden infant death syndrome.
Hum Immunol 2010; 71(4):402-6.
Kemik O, Kemik AS, Begenik H, Erdur FM, Emre H, Sumer
A, et al. The relationship among acute-phase responce
proteins, cytokines, and hormones in various gastrointestinal
cancer types patients with cachectic. Hum Exp Toxicol 2011;
31(2):117-25

Zakharova M, Ziegler HK. Paradoxical anti-inflammatory
actions of TNF-alpha: inhibition of IL-12 and IL-23 via TNF
receptor 1 in macrophages and dendritic cells. J Immunol
2005; 175(8):5024-33.

Vol. 13, No. 2, April 2014

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)



