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Myocardial preconditioning by short ischemia-reperfusion cycles and levels of the
peptide interleukin-8
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Coronary angiogenesis and collateral growth are chronic adaptations to myocardial ischemia. In human coronary
atherectomy tissue significant expression and angiogenic activity of the pro-inflammatory chemoattractant peptide
interleukin-8 (IL-8) was observed. The aim of the present study was to introduce a method for measuring the IL—8
levels in rat heart tissue and to study whether ischemic preconditioning enhances IL—8 level in the infarcted heart. We
stimulated myocardial angiogenesis in Sprague Dawley rats through ischemic preconditioning in the form of in vivo 4
short repetitive cycles of coronary artery occlusion (5 min) each followed by reperfusion (10 min). Rats were randomly
divided into 5 groups: baseline control; normoxia + sham surgery; ischemic preconditioning + sham surgery; normoxia
+ myocardial infarction; ischemic preconditioning + myocardial infarction. Tissue samples from left ventricle were
homogenized and sonicated. Aliquots of homogenate supernatants were obtained and frozen at —70° C until thawed for
assay by specific IL-8 ELISA. Samples were assesed in duplicate using cellular communication assay kit for rat IL-8
(GRO/CINC-1). Arteriolar and capillary density was evaluated by the standard deparaffinization protocol. We found
that concentrations of IL—8 in the left ventricle were significantly elevated after 2, 4, 7, 14 and 28 days of left coronary
artery occlusion in the ischemic preconditioning + myocardial infarction group as compared to the normoxia +
myocardial infarction and/or baseline control. The nonparametric correlation showed that IL—8 concentration correlates
significantly (P < 0.05) and negatively with arteriolar and capillary density. Therefore, IL-8 could be one of the
angiogenesis “promoters” in the infracted heart.
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INTRODUCTION collateral growth are chronic adaptations to
myocardial ischemia. Simonini et al. [10] observed
significant expression and angiogenic activity of IL-
8 in human coronary atherectomy tissue. Yang et al.
[11] demonstrated that IL-8 promotes a pro-
angiogenic response in endothelial cells. Evidence
suggests that like other angiogenic factors, IL—8
may be down-regulated by the hypoxia cascade.
Recently, an increase of plasma IL-8 level in
patients with chronic heart failure was reported
[12]. Having in mind all these facts, we examined a
novel method of stimulating myocardial
angiogenesis through short cycles of ischemic
preconditioning followed by reperfusion.

The peptide Interleukin-8 (IL-8) is a
chemoattractant cytokine for neutrophils [1],
lymphocytes [2], and fibroblasts [3]. It is a
representative of o-chemokines, and was also
shown to induce migration and proliferation of
endothelial cells [4, 5] and smooth muscle cells [6].
IL-8 is produced by monocytes, endothelial cells,
fibroblasts, lymphocytes, neutrophils, keratinocytes,
epithelial cells, hepatocytes, and lung macrophages.
IL-8 is a potent cytokine involved in mitogenesis
[6] and angiogenesis [5]. It was shown that at
physiological concentrations human IL-8 induces
transient neovascularization in a rabbit corneal
pouch model, accompanied by a modest EXPERIMENTAL METHODS
lymphocytic infiltrate [7]. In addition, IL-8 was
reported to take part in neovascularization in a
variety of tumors [8, 9].

All animals used in this study received humane
care in compliance with the principles of laboratory
) ) animal care formulated by the National Society for
On the other hand, coronary angiogenesis and Medical Research and Guide for the Care and Use
of Laboratory Animals published by NIH. The
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receiving approval from the institutional Animal
Care Committee.

Surgical procedures

Male Sprague Dawley rats weighting between
250 and 300 g were anesthetized with ketamine
(100 mg/kg i.p.) and xylazine (10 mg/kg i.p.). As
preoperative antibiotic cover we administered
cefazolin (25 mg/kg i.p.). Rats were randomly
divided into 5 groups: baseline control; normoxia +
sham surgery; ischemic preconditioning + sham
surgery; normoxia + myocardial infarction;
ischemic preconditioning + myocardial infarction.
After tracheotomy and initiation of ventilation, the
heart was exposed through a left lateral
thoracotomy. Non-traumatic occluder was applied
on the left anterior descending coronary artery
(LAD). The myocardium was preconditioned by
carrying out a short duration of temporary regional
ischemia (5 min) followed by a period of
reperfusion (10 min), repeated 4 times. Myocardial
infarction was produced by permanent LAD
occlusion. The rats in the sham group underwent the
same procedure except for the LAD ligation. After
completion of all surgical procedures the chest wall
was re-closed, rats received buprenorphine (0.1
mg/kg s.c.) and were placed on a heating pad while
recovering from anesthesia.

1L-8 enzyme-linked immunosorbent assay (ELISA)

Tissue samples from left ventricle were
homogenized and sonicated in 1 ml antiprotease
buffer consisted of 1 x PBS with 2 mM
phenylmethylsulfonyl fluoride, and 1 pg /ml each of
leupeptin  and pepstatin = A. Total protein
concentrations were determined using bicinchoninic
acid protein assay kit (Pierce Chemical Company,
Rockford, IL, USA). Aliquots of homogenate
supernatants were obtained after centrifugation at
10 000 x g for 10 min and frozen at —70° C until
thawed for assay by specific IL-8 ELISA. Samples
were assesed in duplicate using commercially
available cellular communication assay kit for rat
IL-8 (GRO/CINC-1) from Amersham Pharmacia
Biotech Inc., NJ, USA. The sensitivity of the assay
was 0.49 pg/ml. Absorbency was measured by a
plate reader at 450 nm. In the heart tissue IL-8
levels were scalar (amount per milligram protein).

Arteriolar and capillary density

The standard deparaffinization protocol was
used. Endothelial cells were labeled using mouse
monoclonal anti-CD31/PECAM-1 (1:100,

Pharmingen, San Diego, CA, USA) followed by a
biotinylated horse anti-mouse secondary antibody
(1:200 dilution). The reaction product (brown) was
visualized with DAB substrate using the Vector
ABC  Vectastatin  Elite  Kit  (Vectorlabs,
Burminghame, CA, USA) and was counterstained
with methyl green (Vectorlabs). On separate slides,
vascular smooth muscle cells were labeled using
mouse monoclonal anti-smooth muscle actin (1:50,
Biogenex, San Ramon, CA, USA) followed by a
biotinylated  rat-adsorbed  horse  anti-mouse
secondary antibody (1:200 dilution). The reaction
product (violet) was visualized with VIP substrate
using the Vector ABC Vectastatin Elite Kit
(Vectorlabs). Images were captured and stored in
digital “tiff” format for later image analysis.
Counts of artetiolar and capillary density per mm’
were obtained after superimposing a calibrated
morphometric grid on each digital image using
Adobe Photoshop Software (Adobe Systems Inc.,
San Jose, CA, USA).

Statistical analysis

Data are presented as mean + standard error of
the mean (SEM). Differences between groups were
tested by one-way ANOVA followed by Newman-
Keuls post hoc multiple comparison test.
Correlation of arteriolar or capillary density vs. IL—
8 concentration in IPMI-group was performed
according to the non-parametric statistical method
of Spearman. Differences were considered
significant when P < 0.05. All statistical analyses
were performed using GraphPad Prism 3.03
(GraphPad Software Inc., San Diego, CA, USA).

RESULTS AND DISCUSSION

Concentrations of IL-8 in the left ventricle were
significantly elevated after 2, 4, 7, 14 and 28 days
of left coronary artery occlusion in the ischemic
preconditioning + myocardial infarction group as
compared to the normoxia + myocardial infarction
and/or baseline control or sham groups, which we
found to decrease gradually with time (Fig. 1).

Ischemic preconditioning increased capillary
and arteriolar density in our experiments. The
nonparametric correlation found by plotting of IL-8
levels vs. arteriolar or capillary density is shown in
Figures 2 and 3, respectively. In both cases IL-8
concentration correlated with arteriolar and
capillary density.

Significant experimental and clinical research
has focused on protection of ischemic myocardium.
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Fig. 1. Concentration of the peptide interleukin-8 (IL-8)
in left ventricle of rats, randomly divided into five
groups: baseline control (BS); normoxia + sham surgery
(CS); ischemic preconditioning + sham surgery (IPS);
normoxia + myocardial infarction (CMI); ischemic
preconditioning + myocardial infarction (IPMI). Results
are expressed as mean £ S.E.M. of five hearts per group.
Significant differences from the CMI group are
indicated: *P < 0.05; **P < 0.01.
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Fig. 2. Non-parametric Spearman correlation of the
arteriolar density vs. interleukin-8 concentration in the
left ventricle of IPMI (ischemic preconditioning followed
by myocardial infarction) group: P <0.05, »=-0.91.

Successful protection strategies are diverse and
have included sublethal ischemia and certain
pharmacological approaches. The biological process
now recognized as "preconditioning" enhances
endogenous cellular mechanisms within the
myocardium, and results in protection against
postischemic injury. Angiogenesis, i.e. the growth
of new blood vessels from pre-existing vessels, is
induced when the metabolic requirements of the
tissue exceed the perfusion capability of existing
vessels. It is a sequence of events and appears to be
a tightly regulated process, for example by various
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Fig. 3. Non-parametric Spearman correlation of the
capillary density vs. interleukin-8 concentration in the
left ventricle of IPMI (ischemic preconditioning followed
by myocardial infarction) group: P < 0.05, » =-0.90.
growth factors and cytokines. However, the
initiation of angiogenesis still remains unclear.
Among the various triggers of angiogenesis, tissue
hypoxia has been identified as being a particularly
important stimulus for the induction of new vessel
growth [13, 14]. For example, for a large series of
angiogenesis factors it has been shown that these
were strongly induced by tissue hypoxia. Based on
currently available data, hypoxia inducible
angiogenesis factors are VEGF, IL-8, angiogenin,
FGF and PDGF [15].

The cytokine interleukin-8 is considered to be
involved in angiogenesis, since a structural amino
acid ELR motif (Glu-Leu-Arg), present in CXC
chemokoines as IL-8, is suggested to be associated
with stimulation of new blood vessels formation:
chemokines that lack this motif, such as IL-10,
appeared to be angiostatic [16, 17]. Our findings,
described in the present study reveal that in the
ischemic preconditioned infracted heart increased
IL-8 levels correlate significantly and negatively
with arteriolar and capillary density, hence IL-8
could play a role of angiogenesis “promoter”.
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HUBA HA IIEIITUJA MHTEPJIEBKWH-8 ITPU ITPEKOHIMLIA HA
MUOKAPJA ITOCPEACTBOM KPATKHN HMKJIN HA UCXEMUSI-
PEIIEP®OY3UA
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(Pesrome)

MpuokapabsT ce mpucioco0sBa KbM XPOHHYHATa MCXEMHS MOCPEICTBOM pacTeX Ha MaJKHTE KPHBOHOCHU
cproBe. HabmiomaBaHo e, 4e KOpOHApHAaTa aTepeKTOMHS NPH YOBEK 3HAUHWTENHO YBEIWYaBa EKCIIPEeCcHATa W
aHTHOTCHHATa aKTUBHOCT Ha IIPO-BB3MATUTEIHUS XeMoaTpakTaHTeH nenTun uHTepieBkuH-8 (IL-8). Ilenta nHa
HacTosmaTa pabora Oemre 1a ce BbBeIe METO 3a M3MepBaHe HUBaTa Ha IL-8 B chbpIle Ha IUIBX M A C€ W3CIEABA Al
HMCXEMHUYHATa MPEKOHAMINS MOBHIIAaBa KOHIEeHTpauusaTa Ha IL-8 mpu mHbapkT Ha Muokapna. Hume crumymmpaxme
aHTHOTeHe3aTa B MHOKap/ia Ha IDThXOBE OT Hopoaara Sprague Dawley mocpeicTBOM HCXeMIYHA MPEKOHAMUINS UH BHBO
moJ hopMaTa Ha 4 KbCH MOBTAPSINM CE IIUKBIIAa HA KOPOHAPHA apTepHaiHa OKIy3us (5 MUH) ClIe[iBaHa OT pernepdy3us
(10 mun). [IrpXoBeTe Osixa pa3felcHH Ha 5 TPYIH: KOHTPOJHA; HOPMOKCHS + OTBapsHE Ha TPHIHUS KOII, HCXCMIYHA
MPEKOHIUIMA + OTBapsHE Ha TPHIHUS KOII, HOPMOKCHA + WH(ApKT Ha MHUOKApAa; WCXEMHUYHA NPEKOHIUIHSI +
HHApPKT Ha MHOKapaa. ThKaHHUTE POOH B3ETH OT JITBaTa Kamepa O0sxa XOMOTCHU3UPAHU H COHUKHUPAHU C YATPa3BYK.
TedHocTTa OT CynepHaTaHTaTa Oeliie pasnpezecHa B eneH1ophku u cbxpansasana npu -70° C mo mpoBexaanero Ha IL-
8 cnennu4HNSA €H3UM-CBBP3aH UMYyHOCOpOeHTeH aHanu3. [Ipobute Osixa M3ciieABaHM B AYIUTMKAT upe3 crenuduyeH
kut 3a ompenensHe Ha wibiu IL-8 (GRO/CINC-1). [InbTHOCTTa HAa apTEPUOINTE U KAMMJISPUTE Oelie ompesessiHa
MIOCPEJICTBOM CTaHAapTeH JenapadHULIMOHEH METO . Y CTaHOBHXMeE, Ue KOHIleHTpanusaTa Ha IL-8 B yisBaTa kamepa e
3HAYMTENIHO TMOBHUINEHA Ha 2, 4, 7, 14 u 28 neH cien oKIy3usATa Ha JsBaTa KOPOHapHA apTepHs B IpynaTa ¢ HCXeMHUIHA
MPEKOHIUIHS + UHPAPKT HA MHOKap/Ja B CpaBHEHHE C IpynaTa HOpMOKCHS + HH(APKT Ha MUOKap/a WM KOHTPOJIHATA
rpyma. HemapaMeTpHYHHAT KOpENAIOHCH aHaW3 IMoka3a 3HauutenHa (P < (0.05) HeratWBHa Kopenamus MEXIy
KoHIeHTpamuaTa Ha IL-8 u mreTHOCTTA Ha apTrepuonute U Kamwmsipure. CrnenoBarenso, IL-8 Moxe ma Obae equH oT
,,IPOMOTOpHTE” HA aHTHOTE€HEe3aTa IIPH CHPIIC B CHCTOSIHAE Ha HH(APKT.
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