Journal of Cerebrovascular and Endovascular Neurosurgery
ISSN 2234-8565, EISSN 2287-3139, httpy/ax.doi.org/10.7461/jcen.2013.15.3.171

Clinical Article

The Role of Adiponectin in Secondary Inflammatory

Reaction in Cerebral Ischemia
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Department of Neurosurgery, Korea University Ansan Hospital, School of Medicine, Korea University, Ansarn, Korea

Objective : In this study, we investigate the role of adiponectin in the in-
teraction between leukocytes and endothelium in the secondary in-
flammatory reaction of cerebral ischemia

Methods : Adiponectin knock-out mice group (APN-KO) (n = 8) and wild-type
mice group (WT) (n = 8) were prepared. Each group was sub-divided in-
to 2 groups by reperfusion time. One-hour middle cerebral artery occlu-
sion and reperfusion were induced using the intraluminal filament
technique. At 6 and 12 hours after the occlusion, the mice were placed
on a stereotactic frame to perform craniotomy in the left parietal area.
After craniotomy, a straight pial venule was selected as a target vessel.
With the fluorescence intravital microscope, the number of rolling leuko-
cytes and leukocytes that adhered to endothelium were counted and
documented at 6 and 12 hours after the reperfusion.

Results : At 6 and 12 hours after the reperfusion, more rolling leukocyte
and leukocyte adhesion were observed in the APN-KO mice than in the
WT mice. The difference in leukocyte numbers between the APN-KO and
WT mice was found to be statistically significant (o = 0.029) by Mann-Whitney
U-test.

Conclusion : We found that adiponectin inhibits the interaction between
the endothelium and leukocytes in cerebral ischemia-reperfusion. Therefore
adiponectin might prevent the secondary insult caused by the inflammation
reaction.
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INTRODUCTION

The morbidity and mortality rates of ischemic stroke
are high all over the world. Research on stroke mech-
anisms reveals secondary injury develops through the
inflammatory reaction induced by the leukocytes that
adhere to the micro vessels during cerebral ische-
mia-reperfusion.”” This mechanism was verified in ani-
mal experiments using middle cerebral artery occlusion

and reperfusion (MCAO-R) models.”? Experiments

using the MCAO-R model, found reduced leukocyte
infiltration and enhanced neurologic functions in mice
that were injected with adhesion-molecule-specific
monoclonal antibodies (mAbs), or in mice whose ad-
hesion molecules were removed through genetic ma-
nipulation, compared with wild-type mice."?*">
Studies on adiponectin are active, and many favor-
able effects of adiponectin on the vascular system
reported. Adiponectin activates angiogenesis in ische-

mic damages,'” and inhibits atherosclerosis."” In addi-
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tion, a negative association between the initial in-
farction volume and the adiponectin level in ischemic
stroke was confirmed.” In serial measurement of adi-
ponectin level in ischemic cerebrovascular disease pa-
tients, a gradual decrease was observed.?

In this study, the effects of adiponectin on the inter-
action between leukocytes and endothelia were inves-
tigated through experiments based on the hypothesis
that adiponectin might inhibit the secondary in-

flammatory reaction in cerebral ischemia.

MATERIALS AND METHODS

Animal preparation

All experiments were conducted according to the
guidelines issued by the Institutional Animal Care
and Use Committee and complied with the National
Institutes of Health (NIH) guide for the care and use
of laboratory animals. For the experiments of this
study, 10 to 12-week-old adiponectin-deficient mice
(APN-KO) (n = 8) and wild-type mice (WT) (n = 8)
were prepared. Each group was sub-divided into 2
groups by reperfusion time; 6h APN-KO, 12h APN-KO,
6h WT and 12h WT. General anesthesia was given to
mice using 2% isoflurane and 70% nitrous oxide, and

30% oxygen was supplied during the experiments via
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Fig. 1. Representative image of intraluminal filament technique.
Silicon-coated 8-0 monofilament is directed to the middle cere-
bral artery through the common carotid artery.
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a face mask. The mice’s body temperatures were
maintained at 36.5-37.5C during the experiments, as

measured by a rectal thermometer.

Model of middle cerebral artery occlusion and re-
perfusion

Focal cerebral ischemia was induced using the intra-
luminal filament technique."’ After the left common
carotid artery was dissected and completely exposed,
the external carotid artery was tied by 4-0 silk.
Thereafter, silicon-coated 8-0 monofilament was head-
ed to the middle cerebral artery through the common
carotid artery. The inserted monofilament was tight-
ened with a 6-0 silk suture to prevent bleeding while
advancing the monofilament and removing the mon-
ofilament during reperfusion. One hour after the oc-

clusion, the filaments were removed for reperfusion
(Fig. 1).

Cranial-window preparation

After preparation of the focal cerebral ischemia and
reperfusion model, the mice were placed on a stereo-
tactic frame to perform 4x6 mm-sized craniotomy in
the left parietal area using a dental drill. Extreme cau-
tion was required to avoid damage to the dura mater
and the tissues beneath it. After the craniotomy, the

dura mater was opened using 26-gauge needles to ex-

Fig. 2. Representative image of cranial window preparation.
After performing 4x6 mmsized craniotomy in the left parietal
area using a dental drill.
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Fig. 3. Representative images of rhodamine-labeled leukocytes in venules. (A) 6hWT, (B) 6hKO, (C) 12hWT, (D) 12hKO (Single ar-
row: rolling leukocyte, blank arrow: leukocyte aggregate). 6hWT: Wild-type mice at 6 hours of reperfusion, 6hKO: Adiponectin-defi-
cient mice at 6 hours of reperfusion, 12hWT: Wild-type mice at 12 hours of reperfusion, 12hKO: Adiponectin-deficient mice at 12

hours of reperfusion.

pose the brain cortex of the MCA territory and the ar-
tificial cerebrospinal fluid was arranged to flow over

the surface of the brain (Fig. 2).

Intravital microscopy

As a target vessel, a straight pial venule (100 pm
long and 30-40 pm in diameter) was selected. To observe
the microcirculation, a fluorescence intravital microscope
was used at 780% specimen-to-monitor magnification.
Using 1 ml fluorescein isothiocyanate-albumin that
was intravenously injected shortly before data collec-
tion, a bright contrast was obtained, and the length
and diameter of the microvessel were measured.
Using 1 ml of the 0.1% rhodamine that was intra-
venously injected 10 minutes before data collection,
the leukocytes and platelets were selectively stained.

Data were collected at 6 and 12 hours after 1-hour
occlusion. At each data selection, the target venule
was recorded for 30 seconds through a microscope,
and the number of rolling leukocytes and leukocytes
that adhered to endothelium were counted and docu-
mented (Fig. 3).

Statistical analysis

The statistical significance of differences between the
groups of APN-KO and WT mice in the measure-
ments taken 6 and 12 hours after the reperfusion was
assessed by the Mann-Whitney U-test. Null hypoth-
eses of no difference were rejected if p values were
less than 0.05.

RESULTS

The behaviors of the leukocytes in the target vessel
of APN-KO and WT mice was observed and recorded
for 30 seconds at 6 and 12 hours after the occlusion,
using an intravital fluorescence microscope. The num-
ber of rolling and adhesion leukocytes of each ex-
perimental group was counted and recorded and con-
verted to per mm?®-sec (Table 1). In 6hWT mice, a
mean of 55.48 per mm’- sec of rolling leukocytes were
observed while a mean of 653.82 per mm’ - sec of roll-
ing leukocytes were observed in 6hAPN-KO mice. In
12hWT mice, a mean of 405.92 per mm’- sec of rolling
leukocytes was observed in all 4 groups. In the
12hAPN-KO mice, rolling leukocytes were observed
in all 4 groups, and in particular, leukocyte adhesion
was observed in experimental group III, with a mean
of 1364.78 per mm’-sec of total leukocytes.

Mann-Whitney U-test was used to test for statistical
significance of the outcomes. Leukocyte numbers be-
tween the APN-KO and WT mice 6 hours after the
occlusion differed significantly with p = 0.029. The
difference at 12 hours after the occlusion was also

statistically significant with p = 0.029 (Fig. 4).

DISCUSSION

Adiponectin is an adipocyte-derived bioactive pro-
tein that initially attracted attention in the treatment

of metabolic syndrome." Clinically, the plasma adi-
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Table 1. Comparison of the experimental data between the APN-KO and WT mice

No. Rolling Adhesion Diameter Rollir;g Adheszion
No. No. {mm) (cell/mm* - sec) [cell/mm* - sec)

6hWT | 0 0 0.0314 0 0

1l 0 0 0.0318 0 0

1] 2 0 0.0287 221.93 0

v 0 0 0.0293 0 0
6hKO I 5 0 0.0363 438.67 0

1l 10 0 0.0332 959.25 0

1] 4 0 0.0366 348.06 0

\Y 11 0 0.0403 869.28 0
12hWT | 3 0 0.0255 374.67 0

1l 3 0 0.0326 293.07 0

1] 5 0 0.0321 496.06 0

v 4 0 0.0277 459.89 0
12hKO | 22 0 0.0353 1984.80 0

1l 13 0 0.0388 1067.04 0

1] 7 2 0.0317 703.25 200.93

v 16 0 0.0339 1503.11 0

6hWT: Wild-type mice at 6 hours of reperfusion, 6hKO: Adiponectin-deficient mice at 6 hours of reperfusion, 12hWT: Wild-type mice at
12 hours of reperfusion, 12hKO: Adiponectin-deficient mice at 12 hours of reperfusion. APN-KO= adiponectin-deficient mice; WT=

wild-type mice.

ponectin level is negatively associated with dyslipide-
mia, hypertension, and the C-reactive protein level,”
and hypoadiponectinemia (defined as plasma adipo-
nectin level < 4 pg/mL) increases the risk of type 2
DM, hypertension, and coronary heart disease.'®"”
Studies of the role of adiponectin in the cardiovascular
system have been conducted using APN-KO mice.
These studies found that APN-KO mice showed ex-
aggerated myocardial remodeling under pressure-over-
load conditions, and severe cardiac injuries were re-

ported during ischemia-reperfusion.**

By contrast,
when adiponectin was injected into the APN-KO
mice, pathological cardiac hypertrophy and ische-
mia-induced myocardial damages were inhibited."®
These protective effects have driven research on the
effects of adiponectin on the cerebrovascular system.

The most recent studies find that plasma adipo-
nectin level is closely related with the cerebrovascular

system. Chen at al. described hypoadiponectinemia as
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an independent and significant risk factor for cere-
brovascular disease while Efstathiou et al. reported an
increased risk of mortality for hypoadiponectinemia
patients who suffered ischemic insults.”® In addition,
advanced intracranial atherosclerosis patients were
observed to have had significantly low plasma adipo-
nectin levels.”

In this study, the effects of adiponectin on the early
stage of inflammation reaction in cerebral ischemia-re-
perfusion were investigated. At both 6 and 12 hours
after the occlusion, the APN-KO mice group showed
significantly more rolling and adhesion leukocytes
than the WT mice group did. Although firm adhesion
of the leukocytes to the endothelium was observed
only in experimental group II of the 12hAPN-KO
mice, the rolling leukocytes would form a firm adhe-
sion on the endothelium through the media of leuko-
cyte adhesion molecule CD11b/CD18 (integrin) and
its endothelial ligand ICAM-1. The activated leuko-
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Fig. 4. Comparison of the experimental groups at 6 hours and 12 hours after ischemia. The difference in leukocyte number be-
tween the APN-KO and WT mice at 6, 12 hours after the occlusion was statistically significant (Mann-Whitney U-test, o value = 0.029).

cytes that adhered to the endothelium release toxic
mediators to damage the surrounding vasculatures or
parenchymal cells, or induce a change in blood rheol-
ogy and accelerated thrombosis by inducing platelet
aggregation.”®"")

Inhibition of the endothelial adhesion-accumulation
of the leukocytes after cerebral ischemia-reperfusion
improves electrophysiological and neurological func-
tion, and reduces cerebral edema and cerebral in-

farction size.?¥%

) Therefore, adiponectin that restrains
the leukocyte-endothelium interaction is considered to
inhibit the secondary inflammatory reaction and is
neuroprotective in cerebral ischemia-reperfusion.

The limitation of this study is the limited number of
its experimental groups. In addition, the patterns be-
yond 12 hours after ischemia were not observed.
Although the leukocyte accumulation in cerebral is-
chemia-reperfusion steadily increased to reach a peak
after 24-48 in other studies,®'” more advanced studies
with a larger sample size may be needed in the

future.

CONCLUSION

In this study, the effects of adiponectin on the early
inflammatory reactions in cerebral ischemia-reperfusion
were investigated. As a result, statistically more roll-
ing and adhesion leukocytes were observed in the
APN-KO mice than in the WT mice in the experi-
ments with the MCAO-R model. In conclusion, adipo-
nectin was observed to inhibit the interaction between
the endothelium and leukocytes in cerebral ische-
mia-reperfusion, and accordingly, adiponectin might
prevent the secondary insult caused by the in-

flammation reaction.
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