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Abstract

Objective: The administration of preconditioned plasma collected during the late phase of
preconditioning has been shown to reduce myocardial infarct size. This study aimed to investigate
if preconditioned plasma could attenuate ventricular arrhythmias in a rat model in vivo.
Methods: Eighty rats were randomized to eight groups (10 rats/group). Two groups provided
preconditioned or non-preconditioned plasma 48 h after transient limb ischaemia or the control
protocol. Six groups of ischaemia-reperfusion (IR) rats received normal saline, non-
preconditioned plasma, or preconditioned plasma, respectively, | h (groups Al, A2, A3) or
24 h (groups Bl, B2, B3) before undergoing myocardial IR. Electrocardiograms were monitored
using a BIOPAC system, and the incidence and duration of ventricular tachycardia (VT) and
ventricular fibrillation (VF) were analysed.

Results: No significant differences existed in the incidence and duration of VT or VF among
groups A1-A3 or in the incidence and duration of VT among groups B1-B3. However, there was
a significantly lower incidence and shorter duration of VF in group B3 rats than in group Bl rats.
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Conclusion: Preconditioned plasma collected during the late phase of preconditioning can
reduce the incidence and duration of VF compared with normal saline, suggesting its

anti-arrhythmic potential.
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Introduction

Sudden cardiac death results primarily from
lethal arrhythmias induced by acute myo-
cardial ischaemia.' Although the restoration
of blood flow to the ischaemic myocardium is
beneficial when myocardial ischaemia occurs,
rapid reperfusion may also induce lethal
arrhythmias including ventricular fibrilla-
tion.® So, the arrhythmias induced by
ischaemia-reperfusion together with the inter-
ventions to reduce the arrhythmias are
still  widely investigated.*®  Developing
approaches to reduce the incidence and sever-
ity of ventricular arrhythmias is important
for optimizing therapy in patients experienc-
ing myocardial ischaemia.

Remote  ischaemic  preconditioning
(RIPC) has been shown to be an effective
strategy  for  attenuating  myocardial
ischaemia-reperfusion (IR) injury’'' and
offers early- and late-phase protection.'* '
Although many studies have demonstrated
the protective effects of RIPC in reducing
infarct size, the effects of RIPC on lethal
arrhythmias during the myocardial IR
period in vivo remain controversial.”®!%!7
In addition, the mechanisms underlying the
protective effects of RIPC remain unclear.
In previous studies, we found that late-
phase protection of RIPC could be
transferred by plasma between individuals;
the transfusion of preconditioned plasma
collected at the late protective phase of

RIPC improved blood pressure recovery
during the myocardial IR period'® and
reduced infarct size after myocardial IR."
These findings verified the cardioprotective
role of preconditioned plasma and supported
the humoral mechanisms of RIPC. However,
no previous studies have investigated the
anti-arrhythmia effects of late-phase precon-
ditioned plasma of RIPC during the myocar-
dial IR period.

This study aimed to investigate whether
the transfusion of preconditioned plasma
collected during the late protective phase
could attenuate ventricular arrhythmias in
an in vivo IR rat model.

Materials and methods

Animals and study groups

All animal protocols were approved by
the Institutional Animal Care and Use
Committee of Sun Yat-sen University,
Guangzhou, Guangdong Province, China.
Eighty 10-12-week-old male Lewis rats
weighing 245-280 g (Vital River Company,
Beijing, China) were randomized into eight
groups (n=10/group): a preconditioned
plasma donor group, a non-preconditioned
plasma donor group, and six IR groups
(groups Al, A2, A3, B1, B2 and B3). One
group of plasma donor rats underwent tran-
sient limb ischaemia (PDLI group), whereas
the other did not (PD control group).
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These two groups were the source for
preconditioned and non-preconditioned
plasma, respectively. The rats in groups Al,
A2, and A3 received normal saline, non-
preconditioned plasma, and preconditioned
plasma, respectively, 1 h before myocardial
IR. The rats in groups Bl, B2, and B3
received normal saline, non-preconditioned
plasma, and preconditioned plasma, respec-
tively, 24 h before myocardial IR.

Remote ischaemic preconditioning and
plasma preparation and transfusion

Pentobarbital (50 mg/kg) was injected intra-
peritoneally for anaesthesia. Subsequently,
the PDLI rats underwent four cycles of
transient limb ischaemia. Transient limb
ischaemia was accomplished by binding
elastic rubber bands around both proximal
hind limbs for 5min, followed by 5min of
reperfusion with the release of the noninva-
sive ligature. Elastic bands were placed on
the hind limbs of the PD control rats but
were not tied. At 48 h after finishing the
whole limb ischaemia or control protocol,
8-10 ml of blood was drawn from the PDLI
and PD control rats. The blood was centri-
fuged at 1690 g for 10 min at 4°C to obtain
the preconditioned and non-preconditioned
plasma (Thermo Sorvall ST 16R centrifuge;
Thermo Electron LED GmbH, Osterode
am Harz, Germany). According to the
assigned study groups, 2ml of normal
saline, 2ml of non-preconditioned plasma,
or 2ml of preconditioned plasma was trans-
fused into the IR rats through the caudal vein
at either 1 h or 24 h before myocardial IR.

Myocardial IR model

The myocardial IR model was achieved as
described in our previous study.'® Briefly,
rats were anaesthetized with 60 mg/kg
pentobarbital intraperitoneal, and then ven-
tilated (Small Animal Ventilator Model
683; Harvard Apparatus, Holliston, MA,

USA) with room air with a tidal volume
of 8-10ml/kg and a respiratory rate of
70-80 breaths/min. A left thoracotomy
was performed between the third and
fourth ribs, and the left anterior descending
coronary artery was ligated with a 7-0 poly-
propylene suture slip knot tied over a sec-
tion of cotton thread placed directly on the
vessel to create the occlusion. After 30 min
of ischaemia, the slip knot was released, and
the cotton thread was removed. Reperfusion
was then continued for 180 min.

Arrhythmia evaluation

Electrocardiograms were monitored contin-
uously using a BIOPAC MP150 system
(BIOPAC Systems, Goleta, CA, USA)
throughout the ischaemia-reperfusion pro-
cess. Arrhythmias seen in the electrocardio-
gram were evaluated based on the
guidelines of the Lambeth Conventions.*
Ventricular tachycardia (VT) was defined
as four or more consecutive premature ven-
tricular contractions, while ventricular
fibrillation (VF) was defined as occurring
when individual normal QRS waves could
no longer be distinguished.?” The incidence
of VT or VF was calculated and the total
duration of VT or VF during the entire IR
period was measured in each group.

Statistical analyses

All statistical analyses were performed
using the SPSS® statistical package, version
22.0 (SPSS Inc., Chicago, IL, USA) for
Windows®. y°-test was used to determine
whether there was any difference among
groups in the incidence of VT or VF. The
total duration of VT or VF in each group
was expressed as the median (interquartile
range [IQR]), and the difference in the total
duration of VT or VF was analysed non-
parametrically using the Kruskal-Wallis
test. A P-value < 0.05 was considered statis-
tically significant.
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Results

No rats died in the plasma donor groups.
However, two rats died in each of the IR
groups during the IR procedure, thus the
sample size was eight in each IR group
(n=23).

Table I. Incidence of ventricular tachycardia (VT)
and ventricular fibrillation (VF) in group A rats.

Group A rats®

Al A2 A3
n=28 n=28 n==8

Incidence of VT 7 (87.5%) 6 (75.0%) 6 (75.0%)
Incidence of VF 4 (50.0%) 2 (25.0%) 2 (25.0%)

Data presented as n of rats (%).

?Rats in groups Al, A2 and A3 received normal saline,
non-preconditioned plasma, and preconditioned plasma,
respectively, | h before myocardial ischaemia.

There was no significant difference in the incidence of VT
and VF among the three groups (P > 0.05); z*-test.
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Analysis of the effect of preconditioned
plasma on ventricular arrhythmias when
transfused 1 h before myocardial ischaemia
demonstrated that there was no significant
difference in the incidence of VT among
groups Al, A2, and A3. Although VF
occurred in four (50%), two (25%), and
two (25%) out of the eight rats in groups
Al, A2, and A3, respectively, there was no
significant difference in the incidence of VF
among these three groups (Table 1).

The total duration of VT in groups Al,
A2, and A3 was 42.40 s (IQR 6.38-98.13 s),
13.73 s (IQR 0.55-80.68 s), and 21.20 s (IQR
0.68—42.86 s), respectively. There was no sig-
nificant difference in total duration of VT
among these three groups (Figure 1).

The total duration of VF in groups Al,
A2, and A3 was 2.75 s (IQR 0.00-29.25 s),
0.00 s (IQR 0.00-8.63 s), and 0.00 s (IQR
0.00-6.00 s), respectively. There was no sig-
nificant difference in the total duration of
VF among these three groups (Figure 2).

M Group Al
B Group A2
[ Group A3

Figure |. Total duration of ventricular tachycardia in rat groups Al, A2 and A3. Data are shown as a box
plot. The length of the box is the interquartile range and the median is represented by the horizontal bar
inside the box. Error bars represent minimum and maximum outliers. The rats in groups Al, A2 and A3
received normal saline, non-preconditioned plasma, and preconditioned plasma, respectively, | h before
myocardial ischaemia. There was no significant difference in the total duration of ventricular tachycardia
among the three groups (P > 0.05); Kruskal-WVallis test.
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Figure 2. Total duration of ventricular fibrillation in rat groups Al, A2 and A3. Data are shown as a box
plot. The length of the box is the interquartile range and the median is represented by the horizontal bar
inside the box. There looks like no horizontal bar inside the box for groups A2 and A3 because that the
median durations of ventricular fibrillation of the two groups are 0. Error bars represent minimum and

maximum outliers. The rats in groups Al, A2 and A3 received normal saline, non-preconditioned plasma,
and preconditioned plasma, respectively, | h before myocardial ischaemia. There was no significant differ-
ence in the total duration of ventricular fibrillation among the three groups (P > 0.05); Kruskal-Wallis test.

Analysis of the effect of preconditioned
plasma on ventricular arrhythmias when
transfused 24 h before myocardial ischae-
mia showed that ventricular tachycardia
occurred in seven (87.5%), seven (87.5%),
and six (75.0%) out of eight rats in groups
B1, B2, and B3, respectively. There was no
significant difference in the incidence of VT
among these three groups (Table 2).

Ventricular fibrillation occurred in five
(62.5%), two (25%), and none (0.0%) out
of eight rats in groups Bl, B2, and B3,
respectively. There was a significant differ-
ence in the incidence of VF among these
three groups (P =0.022). The incidence of
VF was significantly lower in group B3 than
in group Bl (P=0.007), and the difference
between the two groups was quite large.
However, there were no significant differ-
ences between groups B2 and Bl and
between groups B2 and B3 (Table 2).

The total duration of VT in groups BI,
B2, and B3 was 65.72 s (IQR 18.50-85.35 s),

Table 2. Incidence of ventricular tachycardia (VT)
and ventricular fibrillation (VF) in group B rats.

Group B rats®

Bl B2 B3
n==8 n=28 n=28

Incidence of VT 7 (87.5%) 7 (87.5%) 6 (75.0%)
Incidence of VF 5 (62.5%) 2 (25.0%) 0 (0.0%)*

Data presented as n of rats (%).

?Rats in groups BI, B2 and B3 received normal saline, non-
preconditioned plasma, and preconditioned plasma,
respectively, 24 h before myocardial ischaemia.

*#P < 0.05 compared with group Bl; y*-test.

24 s (IQR 15.44-65.35s), and 15.79 s (IQR
2.10-43.77 s), respectively. There was no
significant difference in the total duration
of VT among these three groups (Figure 3).

The total duration of VF in groups Bl,
B2, and B3 was 15.15 s (IQR 0.00-26.60 s),
0.00 s (IQR 0.00-8.00 s), and 0.00 s (IQR
0.00-0.00 s), respectively. There was a
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Figure 3. Total duration of ventricular tachycardia in rat groups Bl, B2, and B3. Data are shown as a box
plot. The length of the box is the interquartile range and the median is represented by the horizontal bar
inside the box. Error bars represent minimum and maximum outliers. The rats in groups Bl, B2, and B3
received normal saline, non-preconditioned plasma, and preconditioned plasma, respectively, 24 h before
myocardial ischaemia. There was no significant difference in the total duration of ventricular tachycardia
among the three groups (P > 0.05); Kruskal-Wallis test.

significant difference in the total duration
of VF among groups BIl, B2, and B3
(P=0.017). The total duration of VF was
significantly shorter in group B3 than in
group Bl (P=0.016). However, there were
no significant differences in the total dura-
tion of VF between groups B2 and Bl and
between groups B2 and B3 (Figure 4).

Discussion

This current study demonstrates that the
transfusion of preconditioned plasma col-
lected during the late protective phase of
RIPC into recipients 24 h before myocardial
ischaemia can reduce the incidence and
duration of VF during the myocardial IR
period compared with that observed with
the transfusion of normal saline. However,
transfusion 1 h before myocardial ischaemia
had no effect on the incidence or duration of
ventricular arrhythmias.

Myocardial IR injury can induce lethal
ventricular arrhythmias, leading to circula-
tory collapse and ultimately sudden death.
At present, it is well established that ischae-
mic preconditioning (IPC) can attenuate
ventricular arrhythmias induced by myo-
cardial IR.*"* RIPC induced by a tourni-
quet or a blood-pressure cuff is a safe and
noninvasive technique to exert a myocardial
protective effect, and the effect of RIPC in
limiting infarct size against IR injury
has been shown in previous studies.”!!
However, the influence of RIPC on IR-
induced arrhythmias remains controversial.
A previous study found that RIPC at the
early protective phase induced by lower
limb ischaemia reduced the incidence and
duration of IR-induced ventricular arrhyth-
mias.® However, another study found that
RIPC induced by transient limb ischaemia
in rats had no significant effect on arrhythmia
score.'® RIPC induced by 15-min mesenteric
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Figure 4. The total duration of ventricular fibrillation in rat groups Bl, B2 and B3. Data are shown as a box
plot. The length of the box is the interquartile range and the median is represented by the horizontal bar
inside the box. Error bars represent minimum and maximum outliers. The rats in groups Bl, B2, and B3
received normal saline, non-preconditioned plasma, and preconditioned plasma, respectively, 24 h before
myocardial ischaemia. The total duration of ventricular fibrillation was shorter in group B3 compared with
that seen in group Bl. However, there were no significant differences in the total duration of ventricular
fibrillation between groups B2 and Bl and between groups B2 and B3 (P > 0.05). *P < 0.05 compared with

group B3; Kruskal-Wallis test.

artery occlusion and 15-min reperfusion only
delayed the onset of the first episode of
arrhythmia, but had no influence in reducing
the incidence and severity of ischaemia-
induced arrhythmias.!”

Our previous study found that the trans-
fusion of preconditioned plasma collected
during the late protective phase of precon-
ditioning reduced infarct size after myocar-
dial IR compared with the transfusion of
either non-preconditioned plasma or
normal saline.!” Arrhythmia is an impor-
tant index that reflects the electrical activity
of the heart, and is the main complication
after myocardial IR, and is also the main
concern of both physicians in clinics and
researchers in the laboratory faced with
myocardial IR. The present study investi-
gated the transfusion of preconditioned
plasma on arrhythmias induced by IR,
and the current results show that the

transfusion of preconditioned plasma can
reduce the incidence and duration of VF
compared with that observed with the
transfusion of normal saline. These results
are similar to previous findings,® and partly
verify our previous hypothesis that precon-
ditioned plasma may be a reservoir of car-
dioprotective factors released by RIPC, and
that the transfusion of preconditioned
plasma may have cardioprotective effects.'®
It remains unclear how the protective signal
is transferred from the remote organ to the
heart during RIPC. Three hypotheses have
been suggested;** the neural hypothesis,*
humoral hypothesis,?® and systemic protec-
tive response hypothesis.”’” The humoral
hypothesis proposes that humoral media-
tors of RIPC are released into the circula-
tory system from the remote organ and are
then carried to the heart where they ulti-
mately activate cardioprotective pathways
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in cardiac myocytes.”® The results of the
present study support the humoral
hypothesis.

In the present study, when compared
with the transfusion of non-preconditioned
plasma, the transfusion of preconditioned
plasma had no significant effect on ventric-
ular arrhythmias. This may be related to the
relatively small sample size in this current
study. Furthermore, some studies have indi-
cated that the mechanisms that limit infarct
size and those responsible for the anti-
arrhythmic effect of IPC may be differ-
ent;** 3% and one could postulate that the
mechanisms for the ability of preconditioned
plasma to limit infarct size and those that
create an anti-arrhythmic effect are also dif-
ferent. Further studies are needed to confirm
this hypothesis. Our previous study found
that transfusion of non-preconditioned
plasma could also reduce myocardial infarc-
tion size compared with transfusion of
normal saline, and we speculated that the
plasma advantage of maintaining blood
volume may be involved in the mechanism."”
However, in this current study, non-
preconditioned plasma did not significantly
reduce the duration and incidence of
arrhythmias compared with normal saline,
suggesting that the plasma advantage of
maintaining blood volume may not affect
ventricular arrhythmias.

This current study found that precondi-
tioned plasma transfused 1 h before myo-
cardial ischaemia had no effect on
ventricular arrhythmias. This may have
occurred because the protective factors in
preconditioned plasma may need time
to activate and amplify the protective
pathways, a possibility we have previously
suggested,'” which requires further investi-
gation. These current findings are also con-
sistent with the findings of our previous
study that found that the preconditioned
plasma transfused 1 h before myocardial
ischaemia had no effect on the infarct size
induced by IR."

In conclusion, this study suggests the
anti-arrhythmic potential of preconditioned
plasma collected during the late protective
phase of RIPC.
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