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ABSTRACT

Objectives: To evaluate the acute effects of colony-stimulating factor (G-CSF) on ventricular arrhythmias
after coronary occlusion in rats. Materials and Methods: Male Wistar rats (10 weeks) received G-CSF
(100 ug.kg™) or vehicle. Thirty minutes later, animals were infarcted by coronary occlusion under artificial
respiration. Electrocardiogram was monitored for 30 min to evaluate ventricular arrhythmias. Results: G-CSF
treatment reduced the number of premature ventricular beats and the number and duration of ventricular
tachycardia. The incidence of ventricular fibrillation was significantly reduced by G-CSF (MI-Cont: 11.2 +
2.4 vs. MI-GCSF: 5.4 + 1 events; P < 0.05). However, total duration of ventricular fibrillation was not altered
(MI-Cont: 84 + 16 vs. MI-GCSF: 76 + 13 sec). Conclusions: Acute administration of G-CSF before coronary
ligature in rats reduces the incidence of ventricular premature beats and ventricular tachycardia, suggesting a
possible direct electrophysiological effect of this cytokine independently of its genomic effects. However, the
data suggest that G-CSF treatment may affect the spontaneous recovery from ventricular fibrillation. Acute

G-CSF administration acts directly on cardiac electrophysiology, different from chronic treatment.
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INTRODUCTION

Granulocyte colony-stimulating factor (G-CSF) is an
endogenous cytokine that mobilizes several kinds of
hematopoietic cells, such as the bone marrow-derived
progenitor cells. Along with this cell-mobilizing property,
G-CSF also improves cardiac function,!! reduces fibrosis,™
prevents apoptosis®! and reduces acute to chronic mortality
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in rats.*! In the electrophysiological field, Kulhmann et
al) showed that healed infarcted hearts treated with G-CSF
plus stem cell factor depicted reduced number of inducible
ventricular arrhythmias. In accordance, chronic treatment
with G-CSF previously to coronary occlusion reduced the
incidence of lethal ventricular arrhythmias during the early
period of myocardial infarction in rats due to increased left
ventricle connexin-43 expression.>” Recently, Liu et al,®
described that the electrophysiological effects of G-CSF are
dissociated from its hemodynamic effects and could not be
explained by improvements in the cardiac function. However,
Lee et al,”! identified a proarrhythmic effect associated to the
chronic use of the G-CSF. These findings suggest that the
arrhythmogenic effects of G-CSF may be due to a genomic-
mediated effect of this cytokine in cardiac electrophysiological
properties. However, the acute arrhythmogenic properties of
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G-CSF during ischemia are still missing. Thus, the aim of the
present study was to evaluate the acute effects of G-CSF on the
ischemia-induced early arrhythmias, without the background of
a genomic-associated effect.

MATERIALS AND METHODS

Animals

Male Wistar rats (10 weeks) were acquired from the animal
facility at Federal University of Espirito Santo. During the period
of experimentation, animals were maintained under controlled
temperature and humidity, in a maximum of four animals per
cage, having free access to food and water. All procedures were
performed in accordance with the Guide for the Care and Use
of Laboratory Animals (NIH Publication No. 85-23, revised
1996) and approved by the institutional ethical committee
(CEUA 12/2010).

Myocardial infarction production and arrhythmia
analysis

Animals were treated with a single subcutaneous injection
of G-CSF (MI-GCSF; n = 15) (100 pg.kg'; Filgrastim,
Biosintética) or saline (MI-Cont; n = 11), and 30 min later, the
animals were infarcted under sodium pentobarbital (60 pg.kg™;
i.p.) anesthesia. Surgery was performed after tracheotomy and
artificial ventilation with room air (64 strokes/min, 1.2—1.5
ml/100 g). The thorax was opened and myocardial infarction
(MI) was produced by permanent occlusion of the left coronary
artery as previously described.”! A false operation (SO) was
done in control animals (n = 6). Animals were maintained under
artificial ventilation for 30 min after surgery. Electrocardiogram
(ECG) was continuously recorded for 30 min following MI
and SO surgery through metallic electrodes inserted in the
subcutaneous space. ECG was acquired with an analogic-
to-digital system (PowerLab, ADInstruments, Australia) and
analyzed off-line. Arrhythmias were analyzed as previously
described!” and a modified and validated score to characterize
severity of arrhythmias (including those animals that died during
the register) was used.?!

Three hours after surgery, animals were killed and the heart
was rapidly excised, cut in four slices and incubated in a
1% triphenyltetrazolium chloride (TTC)-buffered solution
(37°C, pH 7.4) during 5 minutes. Damage area was determined
as percentage of TTC non-stained area in relation to the entire
left ventricle area in the four slices by digital planimetry (ImageJ
v1.41, NIH, USA).

Statistical analysis

Comparison of two independent means were done with the
unpaired Student #-test. The Fisher exact test was used to
compare proportions. Data are shown as mean + standard error of
mean (SEM) and P <0.05 was considered statistical significant.

RESULTS

Except for mortality, all variables were analyzed only in
animals that survived 30 minutes after surgery (nine for
each infarcted group, and six in the SO group). During ECG
monitoring, heart rate was stable and similar in all groups
(Before: SO=375+16, MI-Cont =384+ 13, MI-GCSF =372
+ 17 beats/min; at 30 min after surgery: SO =385 + 19, MI-
Cont =398 + 18, MI-GCSF =401 + 20 beats/min; P > 0.05)
without significant differences throughout the experiment. No
episodes of ventricular arrhythmias were observed in the SO
group, and therefore, this group was excluded from Figures and
Table. The incidence of ventricular premature beats (VPB) and
ventricular tachycardia (VT) episodes during ECG monitoring
are shown in Figures 1 and 2, respectively. Either phase-1
VPB’s and VT’s episodes were significantly reduced in the
G-CSF group [Figures 1 and 2].
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Figure 1: Temporal distribution of ventricular premature beats after
coronary occlusion (nine animals for each group). The comparison was
performed using the area under curve (AUC) (upper panel). * P< 0.05
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Figure 2: Events of ventricular tachycardia in the first 30 minutes
following coronary occlusion (nine animals per group). Area under
curve (AUC) was used to compare temporal distribution of the events
(upper panel). *P < 0.05
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Table 1: Ventricular fibrillation and mortality
rate

MI-Cont (n=9) MI-GCSF (n=9) P
Fibrillation
Events (number) 11.2+24 54 +1 0.04
Duration (sec) 84 + 16 76 £ 13 0.60
Mortality (%) 2/11 (19) 6/15 (40) 0.40

The number of animals used to quantify events and total duration of ventricular
fibrillation is indicated in top table. Values for fibrillation are presented as
average of all events. Mortality was shown as the number of died animals/
total animals used and the percentual value are show between parenthesis.
For this analysis, only animals that survived for 30 min were used. Data are
showed as mean + SEM.

Despite the beneficial effect on reduction of VPB’s and VT’s
[Figures 1 and 2], only animals that survived to the whole
period of the register were considered for analysis. When a
score was used, the analysis of the whole sample (including
those which died during register) did not show significant
effects of G-CSF treatment (MI-Cont =5 £ 0.19 vs MI-GCSF
=5.3+0.16; P=0.10).

All infarcted animals depicted at least one fibrillatory event
during the first 30 min. G-CSF treatment did not increase
mortality due to ventricular fibrillation (6 out of 15 rats in the
MI-GCSF group vs 2 out of 11 rats in the MI-Cont group; P
=0.40) [Table 1].

TTC non-stained area was unaffected by G-CSF treatment
(41 £ 3 % in MI-GCSF vs. 42 £+ 4 % in MI-Cont; P > 0.05)
suggesting that the acute use of G-CSF, unlike its chronic use,?!
did not affect the myocardial damage produced by coronary
ligature.

DISCUSSION

It is well described that G-CSF has an important involvement
in the postinfarction remodeling, improving cardiac structure
and function, and increasing the acute and chronic survival. In
fact, despite initial studies suggest the regenerative hypothesis
to explain these results, a great amount of recent studies suggest
a direct effect of G-CSF on cardiac cells.['"

Phase-1 ventricular arrhythmias following coronary occlusion
are due to increased extracellular potassium concentration,
and/or electrical uncoupling in the ischemic area.l'l The
acute loss of K™ in ischemic tissue is mediated, in part, by
activation of ATP-sensitive potassium channels (K, ,),!"")
predisposing to reentrant arrhythmias. Inhibition of K
channel opening prevents action potential shortening, and
may be a useful strategy to suppress lethal arrhythmias and
sudden death early after coronary occlusion. It was reported
that K, channels are downstream in PI3K pathway, depicting
defibrillatory properties in a rat model of ischemia followed by
reperfusion.!" Moreover, inhibition of K, , channels by

glibenclamide did not reduce ventricular fibrillation incidence,
but enhanced the probability of spontaneous recovery from
fibrillation.!'! It was described that G-CSF directly activates
PI3K in cardiomyocytes.!') In our study, the number of
ventricular fibrillatory episodes was significantly reduced in
rats given acute G-CSF injection. Moreover, total duration of
all fibrillatory episodes was similar in both infarcted groups,
suggesting that recovery from fibrillatory status seems to be
difficult under G-CSF treatment. Despite a reduced number of
evidences on electrophysiological effects of G-CSF, a possible
interaction with K, channels could justify these results.

Our results showed a reduction in VPB's and VT in G-CSF
treated rats. These reductions were similar to those found
with chronic treatment.!''! However, despite the related
electrophysiological effects mediated by chronic G-CSF
treatment are due to connexin-43 expression as reported, !
we do not believe that the acute effects mediated by G-CSF
reported here should be due to gene or protein expression, since
the treatment was initiated just 30 min before surgery. This
suggests that the effects reported in this work are related to a
direct action mediated by G-CSF in the electrophysiological
properties.

Liu et al,'® have recently reported that both early and delayed
administration of G-CSF after myocardial infarction improved
electrophysiological properties 3 months after surgery. These
results are of fundamental importance, once cardiac remodeling
was not blunted by G-CSF, showing that electrophysiological
effects mediated by this cytokine are independently associated
with improvements in cardiac function and/or structure.

Another effect related to G-CSF was a proarrhythmic effect
under electrical stimulation in heart failure rats.[’’ The
authors observed an increase in sympathetic reinervation that
contributed to enhanced norepinephrine levels and increased
arrhythmogenic response. The related effect on sympathetic
activation by G-CSF appears to be a chronic adaptative process,
associated with long-term treatment and not an acute effect of
this cytokine, as shown here. Moreover, in our study, heart rate
remained unchanged. Thus, a direct effect on sympathetic drive
and/or facilitation of norepinephrine release seems not to be an
explanation for the effects observed on ventricular fibrillation.

In a small clinical study, it was reported that one infarcted
patient who received G-CSF treatment developed ventricular
fibrillation.!'” Conversely, no changes were detected on ECG
parameters in neutropenict'® or cardiopathic patients!'’ treated
with G-CSF. It is worth to note that even though G-CSF appears
to be safe and associated with left ventricular structure and
function improvements after infarction, electrophysiological
properties described in this and others studies deserve to be
carefully observed.
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It is noteworthy that the effects related in our study occur
precocious to coronary occlusion. These results are important
once the effects of G-CSF on ventricular function in infarcted
patients verified by clinical studies are more evidenced as soon
as G-CSF administration.?"

It is important to note that infarct area measured by TTC
staining was a limitation in this study, since 3 hours is a short
period to determine with precision the infarcted area. Besides,
the blue dye perfusion technique to normalize the area at risk
was not done.

In summary, even though reduction in the incidence of
ventricular arrhythmias should be an important goal during
the acute treatment period, our results suggest that acute
G-CSF-treated rats presented reduced defibrillatory properties
in the acute phase of MI. In conclusion, our results showed
that acute G-CSF administration depicted an antiarrhythmic
effect, similar to those observed with chronic treatment.
Thus, our data suggest that this cytokine can interfere in the
defibrillatory properties.
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