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There are patients with coronary artery disease who suffered from severe and
diffuse narrowing or occlusion of their coronary arteries, in whom the conventional
revascul arization procedures can not be applied. One potential strategy for these patients
is creation of new blood vessel channelsin the region of ischemia, (therapeutic
angiogenesis). A number of potential angiogenic agents have been identified to enhance
the process of collateral development, but, to date, only two growth factors, fibroblastic



growth factor (FGF) and vascular endothelia growth factor (VEGF), have been
clinically used in patients with refractory ischemia.

Neuropeptide Y (NPY) has been proved as one of the potent growth factors for
angiogenesis. The pericardial space may potentially serve as a drug delivery reservoir
which may render persistent effects of the administered therapeutic agents to the heart.
In this experiment, we tested the effects of NPY administered through pericardia
chamber on the angiogenesis of ischemic myocardium in a porcine myocardial
infarction model.

We performed experiments on 3 groups of pigs, the neuropeptide Y (NPY') group,
the control group, and the adhesion group. Acute myocardial infarction (AMI) was first
induced in all experimental pigs by occlusion of a coronary artery, |eft anterior
descending artery in most pigs. After 1-3 weeks, either drug administration (NPY or
minocyclin) or non-specific drug (saline) administration (control group) was performed.
The NPY group consisted of 10 pigs, in them NPY 0.5 mgin 5 ml sterile water was
administrated through a catheter into the pericardium. In the control group, 10 pigs,
after induction of AMI, only saline intrapericardial administration was applied. In the
adhesion group, 9 pigs, minocyclin was administrated into pericardial sac 1-2 weeks
after AMI to induce pericardia adhesion. Pigs were sacrificed 4-7 weeks after induction
of AMI and the hearts were measured grossly and examined microscopically.

In this study we found that administration of NPY did not induce new vessel
production in the myocardium near the infarction area. Yet, the administration of NPY
seemed to result in reduced heart weight, a beneficial effect. We also found that the wall
thickness of LV wall as well asthe infarction size was not affected by the administration
of either NPY or minicyclin. Incidentally, we found that intrapericardial administration
of minicyclin could induce active new vessel growth in the myocardium near the
infarction area. Thisfinding may be worthy of further studies.



Despite the advances in revascul arization therapy for coronary artery disease
with either percutaneous technique or surgical bypass surgery, a certain number of
patients are suffering from severe ischemia but are poor candidates for these therapeutic
modalities (1,2). For these patients, the disability resulting from severe limiting angina
Is substantial. One potential strategy of therapy for these patients is the creation of new
channels for blood supply to the ischemic region. Early series of transmyocardial
revascul arization (TMR) reported a high 5-9% perioperative mortality with even higher
overal morbidity (3,4). An alternative option is the induction of growth of new blood
vessels to the ischemic myocardium, or angiogenesis (1,2).

Although a number of potential angiogenic agents have been identified to
enhance the natural process of collateral development, only two growth factors,
fibroblastic growth factor (FGF) (5) and vascular endothelial growth factor (VEGF) (6)
have been applied in clinical trials on patients with refractory ischemia. These agents
have been administered to the patients through different routes, including intravenous,
intracoronary, intramyocardial, and intrapericardial routes.

Although angiogenesis therapy using either systemic or local delivery of
growth factors or surgical laser revascularization remains active areas of investigation,
the results have been found somewhat disappointing to date (7). In one prospective,
multicenter, randomized trial (8), in patients with class 111 or IV angina caused by
nonrecanalizable chronic total occlusion of coronary arteries, percutaneous
transmyocardia revascularization did not result in a greater reduction in angina, more
improvement in exercise duration or survival free of adverse cardiac events, as
compared with maximal medical treatment only.

Given the typically long course of new collateral vessel devel opment, most
attempts to stimulate myocardia angiogenesis have used methods of prolonged growth
factor delivery, including gene therapy, continuous infusions, repeated injections, or
sustained release polymers (9). The pericardia space may potentially serve as adrug
delivery reservoir that may be used to deliver therapeutic agents to the heart (10).

Neuropeptide Y (NPY) is a 36-amino acid amidated peptide originaly
isolated from porcine brain (11). NPY is one of the most abundant peptidesin the brain
and heart (12). NPY is a potent mitogen for vascular smooth muscle cells and



endothelial cells, as potent as basic fibroblast growth factor (13). NPY has been tested
ininvitro aswell asin vivo systems for the induction of angiogenesis (14-21). Yet, to
our knowledge, the angiogenetic effects of pericardially administered NPY for the
ischemic myocardium has never been reported in the English literatures. We
hypothesized that local application of the potent angiogenesis factor, NPY, may keep a
longer effects on the ischemic myocardium to induce active angiogenesis and to render
benefits for the symptom relief and function improvement for the affected myocardium.
If this hypothesisis proven correct, there may be a novel therapeutic modality in the
management of intractable myocardial ischemia and myocardia dysfunction.

M ethods and M aterials

A. Induction of acute myocardial infarction (AM1):

Mini-pigs with body weights between 10-30 kilograms were used in this
experiment. Mini-pigs were anesthetized with intramuscular injection of ketamine (4-5
ml, 50 mg/ml) and atropine (0.5-1.0 mg). An intravenous route was set-up on ear vein
for supplemental injection of propofol and succinylcholine during experiments, as
needed. After endotracheal intubation, the pigs were connected to a Harvard respirator
for artificial respiration with room air. The baseline electrocardiogram (ECG) was then
taken. By skin cut-down, right femoral artery was catheterized with a 6F sheath. After
blood pressure recording, through the sheath, a6 Fr right Judkins catheter was advanced
to engage the left coronary artery. After confirmation of the coronary anatomy by
contrast medium injection, the catheter was further advanced into the left anterior
descending coronary artery (LAD) to about the mid point between the orifice and the
apex. There, through the catheter, a Gianturco coil (2 or 3 mm in diameter and 2- or 3
cm in length, Cook Group Inc.) was deployed to occlude the coronary artery (22,23).
The pigs were then monitored for hemodynamics and ECG changes. VT/VF was treated
with cardio-pulmonary resuscitation, drug administration (lidocaine and adrenaline),
and DC cardioversion. The pigs were sent back to animal room for further care after
stabilization. A second ECG was taken at the end of the procedure to document the ECG
changes of AMI (Fig. 1).



B. Pericardial access

One to three weeks after induction of AMI, the pigs were again anesthetized and
put on artificial respiration. Mediastinum was entered by a minimal subxiphoid skin
cutdown. Under direct vision, a No. 20 intravenous catheter was inserted into the
pericardial sac for administration of drugs. After drug injection, the intravenous catheter
was removed and any leakage from pericardia sac was inspected. The skin wound was
then closed surgically and the pigs were returned to the animal room for further care.

C. Intrapericardial application of NPY

NPY (Sigma) was prepared with 0.5 mg in 5 ml distilled water immediately before
injection. NPY solution was injected slowing into pericardial sac through the catheter,
avoiding leaking. Totally 10 pigs received NPY injection 2 to 3 weeks after induction of
AMI. Some pigs without pericardial injection or with pericardial injection with other
materials were included in the experiment as control.

D. Pathological examination.

At 5 -7 weeks after induction of AMI, the pigs were sacrificed and the hearts were
examined pathologically. The weight and dimensions of the heart and the thicknesses of
the free walls of left ventricle and right ventricle and interventricular septum were
measured. The dimentions of left ventricle and right ventricle were also recorded. The
location and size of the infaction were inspected. The hearts were then fixed with
buffered neutral formalin for 24 hours and were cut along the horizontal plane (24).
Myocardium at the margin of infarction area was examined and the numbers of small
vessels were cal culated under 200X microscopic examination (25). For each specimen,
the number of small vessels were counted from 5 most proliferated areas at
epicardiomyocardia junction and the average numbers were recored.

E. Statistics

There were 10 pigsin the NPY group, 10 pigsin the control group in which no
drug injection or non-specific injection into pericardium and 9 pigs in the adhesion
group in which minocin was injected into pericardia sac to induce pericardia adhesion.



The data of mean and standard deviation were obtained for heart weight, thicknesses of
left ventricle free wall, right ventricle free wall and interventricular septum. The
corrected measurements (measurements divided by body weight) were obtained for
heart weight, and the thickness of LV free wall, interventricular septum and RV free
wall. The infarction area was calculated by multiplying the 2 parpendicular diameters
and also corrected infarction size by dividing with body weight. The number of vessels
in subepicardial myocardium near the infarction areawere counted in 5 randomly
selected areas and the average vessel number was obtained by dividing the total vessel
number with 5. These data were compared between study groups by unpaired t-test. A p
value <0.05 was regarded as statistically significant.

Results

Asshown in Table 1, there were 10 pigsin the NPY group, 10 pigsin the control
group in which no drug injection or only non-specific injection into pericardium and 9
pigs in the adhesion group in which minocin was injected into pericardial sac to induce
pericardia adhesion.

The mean body weight was higher in the NPY group (25.61+3.48 kg, range 18.4 to
29 kg) as comparing to the control group (16.64+3.19 kg, range 12.2 to 20 kg, p<0.001)
and to the adhesion group (16.43+2.42 kg, range 12 to 20 kg, p<0.001). Body weights
were not different between the control group and the adhesion group.

The heart weight was higher in the NPY group (177.1+24.3 g, range 135 to 220 Q)
as comparing to the control group (142.2+30.6 g, range 100 to 195 g, p<0.025). There
was no difference in heart weight between the NPY group and the adhesion group
(158.6+28 g, range 110 to 205 g) and aso between the control group and the adhesion
group. In comparing the corrected heart weights (heart weight divided by body weight,
g/kg) among these groups, it was found that the NPY group had lower corrected heart
weight than the control group (6.94+0.61 vs. 8.75+2.25, p<0.025) and a so than the
adhesion group (9.67+1.12, control group, p<0.001).

The corrected thickness was also calculated for the LV free wall, interventricular
septum and RV free wall, as shown in Table 1. There was no statistically significant
difference between different groups for al of these measurements. LV size, corrected
LV size, infarction size and corrected infarction size were also shown in Table 1. By



statistical analysis, there was no significant differences for al these data amoung the 3
groups.

Fig. 2 demonstrated gross observation of the heart specimen showing myocardial
infarction area. Microscopic findings were shown in Figs. 3-5. It was noted that blood
vessels were more dense in the adhesion group as comparing to the control group and
the NPY group.

Discussion

In this experiment, we studied the effect of intrapericardial administration of
neuropeptide Y (NPY) on heart changes in pigs after induction of myocardial infarction
and comparing it with that of controlled pigs (MI without NPY treatment) and of pigs
with chemically-induced pericardial adhesion after MI. Myocardial infarction was
produced by acute coronary occlusion with a Gianturco coil by cardiac catheterization.
In most of the pigs, anterior infarction was induced, as to our experience in previous
studies, thisinfarction resulted in higher survivals.

At inspection of the excised heart, the induction of myocardial infarction was
successful in all pigsin this experiment (Fig. 2). ECG aso demonstrated acute changes
of AMI (Marked ST-segment elevation, mostly in right precordial leads, V2 — V4).

As demonstrated in our experiment, the mean body weight was higher for the NPY
group than the control group and the adhesion (both p<0.001) while the latter groups
were similar in nmean body weight (Table 1). Heart weight was higher for the NPY
group than the control group (p<0.025). By correction with body weight, it was found
that the NPY group had lowest heart weight among the 3 study groups (p<0.025 in
comparing with the control group, and p<0.001 in comparing with the adhesion group).
By body weight correction, it was found that there was no statistically significant
difference among the 3 study groups for the thickness of LV free wall, interventricular
septum, and RVfree wall. The corrected LV chamber size and LV infarction size were
also not different among the 3 groups.

It isinteresting to note that the vessel number in the myocardial layer near
infarction area was not increased after pericardial administratiojn of NPY, suggesting no
beneficial effects of NPY for the pigs after myocardia infarction. Of course, this
conclusion may be applied only to our specialized experimental condition, that is,



anterior myocardia infarction, with drug administration through pericardial sac at 2-3
weeks after myocardial infarction. It isworthy to note that, parallel to our NPY study,
we a'so did some adhesion study in which minocin was administrated through
pericardial approach, We found that the heart size was not reduced, as contrary to our
initial speculation. Yet, we detected much new vessel growth in the myocardium near
the infarction areain the pigs treated with intrapericardial application of minocin. This
finding is very interesting and needs further investigation.

In conclusion, in this experiment, we found that pericardial application of
neuropeptide Y (a potent growth factors for angiogenesis) in pigs after myocardial
infarction, did not produced increase in density of vesselsin the myocardium near the
infarction area. Yet, the corrected heart weight was reduced with this treatment. We also
found that intrapericardial application of minocyclin to the infartion pigs may produce
an active vascular proliferation in the myocardium near the infarction area.
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Table 1 Heart dimension measurements for the 3 different groups of pigs

Group Pig B.W. Heatwt. Heartwt.(c) Thickness(mm)

No. (kg.) (9) (g/kg) LV VS RV

NPY 10 2561 177.1 6.94 1.49 143 054
+3.48 +24.3 +0.61 +042 +0.34 +0.18

Control 10 16.64 142.2 8.75 111 1.08 051
+3.19 +30.6 +2.25 +0.32 +042 +0.23

Adheson 9 16.43 158.6 9.67 1.00 088 044
+242 428 +1.12 +0.30 +0.20 +0.24

Abbreviations: B.W.= body weight; Heart wt. (c)=corrected heart weight; LV=left
ventricle

Table 1 Heart dimension measurements for the 3 different groups of pigs (Cont.)

Group Thickness (c) (mm/kg) LV size* LV size (c)
LV Septum RV (cm?)
NPY 0.068 0.057 0.021 9.0 0.355
+0.023 +0.015 +0.007 +6.67 +0.274
Control 0.069 0.069 0.031 10.53 0.642
+0.023 +0.032 +0.014 +7.78 +0.484
Adhesion 0.065 0.054 0.028 10.19 0.62
+0.029 +0.014 +0.021 +4.05 +0.227

*LV size calculated by multiplying 2 diameters
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Table 1 Heart dimension measurements for the 3 different groups of pigs (Cont.)

Group Infarct sizett Infarct size (C)
(cm?)
NPY 9.0 0.355
+6.67 +0.274
Control 10.53 0.642
+7.78 +0.484
Adhesion 10.19 0.62
+4.05 +0.227

#Infarct size calculated by multiplying 2 diameters

Fig. 1, A. ECG before coronary occlusion
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Fig. 1 B, ECG after coronary occlusion showing anterior myocardial infarction

Fig. 2, Gross observation showing myocardia infarction
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Fig. 3, A pig received NPY intrapericardial injection, 200x
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Fig. 4, A pigin control group, 200x

Fig. 5, A pig in adhesion group, 200x
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