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Impact of low level laser irradiation on infarct size in the rat following
myocardial infarction
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Abstract

Low energy level irradiation (LLLI) has been found to modulate biological processes. The effect of LLLI on the development of acute
myocardial infarction (MI) was investigated following chronic ligation of the left anterior descending (LAD) coronary artery in laboratory
rats. The hearts of 22 rats were laser irradiated (LI) using a diode laser (804 nm, 38 mW power output) through the intercostal muscles in
the chest following MI and on day 3 post MI. In the control non laser irradiated (NLI) group (19 rats) MI was induced experimentally and
laser irradiation was not applied. All rats were sacrificed 21 days post MI. Size, thickness and relative circumferential length of the infarct,
as well as other parameters, were determined from histological sections stained with Masson’s trichrome and hearts stained with triphenyl
tetrazolium chloride (TTC) using histomorphometric methods. The infarct size (expressed as percent of total left ventricle area) of the LI
rats was 10.165.8, which was significantly lower (65%; P,0.01) than the infarct size of NLI rats which was 28.769.6. Correlatively, the
ratio of circumferential length of the infarcted area was significantly lower (2-fold; P,0.01) in the LI rats as compared to the NLI rats.
LLLI of the infarcted area in the myocardium of experimentally induced MI rats, at the correct energy, duration and timing, markedly
reduces the loss of myocardial tissue. This phenomenon may have an important beneficial effect on patients after acute MI or ischemic
heart disease.  2001 Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction wards interventions that may lead to reduction of
myocardial infarct size in experimental animals and

The occurrence of left ventricular dysfunction humans. Alternatives to reperfusion therapy, such as
following the onset of myocardial infarction (MI) is a percutaneous transluminal coronary angioplasty
well-established phenomenon [1-5]. The sequential (PTCA), coronary artery stenting and coronary artery
histological and physiological changes that take place bypass grafting (CABG), are currently adapted to
in the rat myocardium following occlusion of the left replace and/or supplement thrombolytic therapy [6].
coronary artery have also been previously docu- Introducing vascular endothelial growth factor
mented [3-5]. (VEGF) was found to be very effective in the

Investigations have previously been directed to- induction of angiogenesis in ischemic myocardium
[7]. Recombinant adenovirus-mediated cardiac gene
transfer of antioxidants has also been demonstrated to
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cells of myogenic origin improved functional per- of the thorax and insertion of a silk thread (4 /0)
formance of the infarcted hearts [9–11]. through the intercostal muscles around the area (|1.5

Low energy laser irradiation (LLLI) was found to cm in diameter) of the thoracotomy in the chest to be
modulate various biological processes in tissue cul- made between the 5th and 6th ribs. The thoracotomy
tures and animal models [12,13]. For example, it was was finally made by gentle invasion of the intercostal
found that laser irradiation increases mitochondrial muscles using a blunt hemostat, followed by widen-
respiration and ATP synthesis [14,15]. Furthermore, ing of the thoracotomy. The heart was then exterior-
we have shown that He–Ne laser irradiation promotes ized by exerting pressure on the chest. Permanent
the process of skeletal muscle regeneration following occlusion of the LAD coronary artery, performed
injury in rats and toads [16-18]. It was demonstrated immediately post heart exterioration, at a point 3 mm
that in the case of the toad, the inflammatory re- distal to its branching from the aorta, was done using
sponse following cold injury to the muscle was a 5/0 polypropylene thread (Ethicon, New Jersey,
markedly decreased by laser irradiation [17], and USA). The heart was then returned to the thorax and
neoformation of blood vessels in the injured zone was the thoracotomy in the chest immediately closed
elevated by laser irradiation [19]. Recently, we have using the prepared guided suture as described above.
shown that LLLI causes induction of cell cycle The chest (muscles and skin) was then closed and the
regulatory proteins in satellite cells from skeletal rat was allowed to recover for about 1 h in a
muscles due to activation of early cell cycle regula- respiratory hood enriched with oxygen flow. Penicil-
tory genes [20]. lin (Teva, Petach Tikva, Israel) was injected into the

The effect of LLLI on the cardiomyocytes has been thigh muscles and 2 ml of saline was administered
investigated to a very limited extent. It was shown intraperitoneally following surgery. Food and water
that argon dye laser (660 nm wavelength) improves were supplied ad libitum. It should be emphasized
the functional recovery of cold-stored, isolated rat that the exact location of ligation of the coronary
cardiomyocytes [21]. It was also found, in that study, artery (distance from where it branched off from the
that the end storage ATP and end reperfusion catalase aorta) was determined following preliminary studies.
activity in isolated cardiomyocytes irradiated with the The aim in these earlier studies was to reach a
above laser, were significantly higher than those in reasonable mortality rate after MI and a relative low
the untreated cells. variability of the large infarct. The induction of MI

The aim of the present study was to explore the by the above procedure (spontaneously breathing rats)
impact of LLLI on the loss of myocardial tissue has its limitation as indicated recently by Horstick et
following induction of acute MI in the rat. al. [2] who compared the above surgical procedure

with mechanically ventilated rats. According to their
study rats operated with exterioration of the heart,

2. Methods breathing spontaneously, developed severe hypoxia
and hypercapnia. This may be the cause for high

2.1. Experimental procedure mortality (about 40% in the present study) in this
procedure during the first few hours post MI.

Studies were performed on 41, 8–10-week-old
(250–350 g) male Sprague–Dawley rats. The rats 2.2. Laser irradiation
were anesthetized with Avertin (1 ml per 100 g body
weight) and the operative technique for left anterior A diode (Ga–As) laser, wavelength 804 nm with a
descending (LAD) coronary artery occlusion was power output of 38 mW and a beam diameter of
carried out essentially as described previously [5]. 1.533.5 mm after collimation was employed (Lasot-
The experiment conforms to the Guide for the Care ronic Zug, Switzerland). The laser device was
and Use of Laboratory Animals, published by US equipped with a blunt tip (1.5 mm diameter) and
National Institute of Health (NIH publication No. placed directly on the intercostal muscles (after
85-23 revised 1996). In brief, thoracotomy was removal of the skin) at a perpendicular angle to the
performed after longitudinal incision in the left side medial and lateral side of the left chest wall. Irradia-
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tion was performed while exerting gentle pressure on
the intercostal muscles between the 4th and 6th ribs.
In a preliminary study it was found that exerting
pressure enabled better penetration of the laser ir-
radiation through these muscles. Five anaesthetized
rats, chests opened at the midline, were used to
determine the dispersion and power of the laser beam
after penetration through the intercostal muscles. An
infrared viewer (Lasotronic Zug) and infrared sensor
card (Newport, Irvine, CA, USA) were used to trace
the infrared irradiation area. A Nova power-energy
laser monitor equipped with a special detecting probe
(Ophir Optronics, Jerusalem, Israel) was used to
measure the power output of the laser and the power
of the laser irradiation after penetration of the chest
muscle. The probe of the laser monitor and the
infrared detecting card were placed in the rats’ chests

Fig. 1. Flow chart of the experimental protocol of surgery and laser
at the same distance and direction of the heart, in irradiation of the rats.
order to detect, as closely as possible, the area of
irradiation and its power on the heart during laser
irradiation of a closed chest, as described above. The determined after several preliminary experiments to
area of irradiation [mean6S.D. comprised 1.160.1 yield optimal beneficial effects of irradiation on

2cm ] was elliptic in shape (1.8 cm long axis31.1 cm infarct size. However, not all possible combinations
short axis) and was determined by planimetry. The of the above parameters of variation of laser irradia-
measured power of irradiation in this area was tion (i.e. exposure time, energy, wavelength, etc.) on
5.060.7 mW. Thus, the power density of the irradia- the reduction of infarct size were investigated.

2tion on the myocardium was 4.560.1 mW/cm . Laser Possible adverse effects of laser irradiation on an
irradiation was performed for a 1-min duration 10–15 intact (non-ischemic) myocardium were investigated
min after induction of MI, after the rats were by comparing two groups of sham-operated rats
breathing regularly (see Fig. 1). Thus, the total (chest opened and heart exteriorized but LAD cor-

2energy given to the tissue was 0.27 J /cm . In non onary artery not occluded). One group (five rats) was
laser irradiated (NLI) rats the above procedure was irradiated with the laser for 3 min as described above
undertaken but the laser was not turned on. On day 3 and a second group (5 rats) served as control without
post surgery, the rats were lightly anesthetized with any treatment. Rats were sacrificed 21 days post
ether, the skin sutures over the chest were removed sham-operation and a small sample (1 mm31 mm)
and the intercostal muscles below were exposed (Fig. from the frontal wall of the left ventricle (LV) from
1). Laser irradiation was performed as above but the each group of rats was processed for electron micro-
time of exposure was lengthened to 3 min. Based on scopy, to ascertain possible histopathological changes
the above data, the total energy given on the third day in the myocardial tissue at the ultrastructural level. It

2was 0.8 J /cm . NLI rats underwent the same process was found that LLLI to the infarcted myocardium did
as the laser irradiated (LI) rats (anesthetized and not cause any pathological changes to cell organelles
chest exposed) and the laser was applied to the chest or myofibrillar structures. The rest of the heart in
but not connected to a power source. The rats for each of the above rats (after removal of the atria) was
laser irradiation or control NLI group were assigned homogenized in 2 ml of 0.01 M phosphate buffer, pH
to each group by randomized procedure (flip of a 7.2, containing 2 mM CaCl , centrifuged at 6900 g,2

coin) upon completion of the surgical procedure. The and the supernatant served for analysis of enzymatic
above regime of LLLI (energy and length of irradia- activity of creatine phosphokinase (CPK) activity
tion, timing and number of irradiations, etc.) was using Sigma Kit No. 45-1 (Sigma, St. Louis, MO,
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The work reported here by N. Ad [1] is the first
one which uses LLLI in order to reduce the loss of
myocardial tissue, a phenomenon that may have an
important beneficial effect on patients after acute MI
or ischemic heart disease.
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