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Low-power light and isolated rat hearts after ischemia of myocardium
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We studied the influence of low-intensity red light on restoration of isolated heart contractility, on lipid
peroxidation processes and a state of the superoxide dismutase (SOD) activity in myocardial tissues of
isolated hearts. It was found that after ischemia modeled and perfusion restored the light illumination
results in acceleration of myocardial contractility recovery, rising of the SOD activity and reduction in
the amount of molecular products of lipid peroxidation.

� 2011 Elsevier B.V. All rights reserved.
1. Introduction

Low-power laser light of the visible and the near infrared bands
has been widely used in medicine since the middle of the 1960s
[1–3]. The molecular spectra of primary molecular photo-
absorbers [3–6] have wide absorption bands [7]. As a result, rela-
tively broadband light could evoke the same biological response
as laser light of the suitable wavelength, fluence rate and the total
delivered light dose [8–11]. For instance, photoluminescent radia-
tion [8] can be used efficiently in the biomodulation procedures in-
stead of laser light. The main aim of experiments is to investigate
biomodulation effects of low-intensity red light on the heart mus-
cle of rats after ischemia and mechanisms of these effects.
2. Methods

The present study was carried out on 280 isolated hearts of
white mongrel rats. Langendorff method was applied. Perfusion of
coronary arteries of the isolated heart was made by using the open
system with Krebs–Henseleit solution (pH = 7.4) at the tempera-
ture of 37 �C. A small air filled latex container of a constant volume
was introduced through a dissected perforation in the left atrium
and through the mitral valve into the left ventricle cavity to indicate
contractile functions of the heart [12]. Myocardial ischemia was
modeled after 15 min perfusion by interrupting the flow of the
ll rights reserved.
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solution through the myocardium for 30 min. The reperfusion per-
iod lasted for 15 min. The experimental group was subdivided into
six subgroups: A, An, B, C, Cn and D. The samples from subgroups A,
B, C and D were treated by low-power light after myocardial ische-
mia within the whole reperfusion period whereas An and Cn sub-
group samples were exposed to red light without modeling of
ischemia (see Fig. 1). The control group of samples was exposed
to false irradiation. For subgroups A, An and B a He–Ne laser (wave-
length 632.8 nm, output power 0.5 mW) was used as a radiation
source. In subgroups C, Cn and D the samples were irradiated by a
fiber-optic device [13] (the wavelengths band 590–660 nm, the
peak intensity at 630 nm, output power 0.5 mW). A part of the light
power of both sources was supplied to the samples by a polymer
light guide with the outer diameter of 0.8 mm. The light exposure
zone was round with the diameter of approximately 2 mm. The flu-
ence rate within this light spot was set to 1.5 mW/cm2. The ab-
sorbed light doses within the irradiation area were 1.03 J/cm2. In
subgroups A, An, C and Cn the right atrium was treated and the light
exposure zone spread over the sine atrial node; in subgroups B and
D the left ventricle was irradiated (see Fig. 2).

The following cardiac contractile parameters were investigated:
developed pressure (DP), final diastolic pressure in the left ventri-
cle (FDP), maximum contraction speed (CS) and the speed of relax-
ation (RS). The pressure in the air filled container and a linear
coordinate (l) of a tip of a position-sensitive transducer attached
to the surface of the left ventricle were recorded with an on-line
computerized installation. The maximum contraction speed and
the speed of relaxation were calculated as +dl/dt and �dl/dt corre-
spondingly [14]. The measurements were taken at the 15th minute
of perfusion (at the reference time of the experiment), at the 30th
minute after beginning of ischemia modeling and at the 15th
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Fig. 1. The time scale of the experiment.

Fig. 2. Block diagram of the isolated heart installation.
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minute of reperfusion (see Fig. 1). The analyzed tissues of the heart
muscle were drowned into liquid nitrogen at each stage of the
above mentioned experiment. The intensity of lipid peroxidation
was estimated according to the content of Diene Conjugates (DC)
and Triene Conjugates (TC) in the myocardium tissues. The con-
tents of DC and TC were tested spectrophotometrically at 219
and 275 nm correspondingly in lipids extracted in chloroform–
methanol from homogenized tissues of the whole heart. A status
of the antioxidant system in the heart muscle cells was estimated
by a superoxide dismutase (SOD) activity. The whole hearts under
study were chopped and homogenized with a saccharose solution.
The homogenate was centrifuged for 15 min at 1000 rpm. The SOD
activity was determined by using the Nishikimi et al.’s method
[15]; one unit of the SOD activity represented an amount of the
enzyme that inhibits the rate of nitroblue tetrazolium reduction
by 50%.
3. Results

A 30 min ischemia and 15 min reperfusion induced an abnor-
mality in relaxation processes (this became evident owing to the
observed reduction in the relaxation speed and rise in the final dia-
stolic pressure) and in the processes of contraction (this can be
revealed by the observed reduction in both the speed of contrac-
tion and the developed pressure) of the hearts in the control group.
At the 15th minute of reperfusion the levels of the contraction
speed (Fig. 3a), the relaxation speed (Fig. 3b) and the developed
pressure (Fig. 3c) of the control group samples lowered to 80% of
the 100% initial level measured at the reference time and the final
diastolic pressure increased to 17% (Fig. 3d). Light irradiation pro-
vided the effect of restoration of the myocardial contractility in the
experimental group samples (Fig. 3a–d). We also observed the
excessive increase of the contraction speed, the developed pres-
sure, the speed of relaxation and the final diastolic pressure in B
and D subgroup samples in which the left ventricle was treated
by red light.

Ischemia resulted in accumulation of primary molecular prod-
ucts of lipid peroxidation in the myocardial tissues in comparison
with the reference time data. The process of myocardial reperfu-
sion caused further accumulation of the lipid peroxidation prod-
ucts in the control group samples. The effects were in accordance
with the experimental findings [16–18]. Both the laser and the
wideband light treatments of the atrium and the ventricle zones
significantly (p < 0.05) reduced the levels of the primary molecular
products of lipid peroxidation in the myocardial tissues with
respect to the control group data (Fig. 4a and b).

The contractile parameters as well as the contents of molecular
products of lipid peroxidation measured in the samples without
ischemia subjected to light did not demonstrate a statistically con-
fident modification with respect to the control group data (Fig. 3a–
d and 4a and b).

Measurements of the SOD activity in the homogenate of the car-
diac muscle tissues extracted from the whole heart demonstrated
that the red light treatments can provide a significant (p < 0.05)
increase in this enzyme activity (Fig. 5).
4. Discussion

The intensity of red light used in the experiments was too low
to cause thermal heating in the zones of treatments. Nevertheless,
in the experimental subgroups we observed restoration of the con-
traction speed (Fig. 3a, subgroups A, C and D), the speed of relaxa-
tion (Fig. 3b, subgroups A, C and D) and the developed pressure
(Fig. 3c, subgroups A, B and C). The influence of red light exposition
on the contractility parameters could be explained by changes in
the passive permeability of the cardiac muscle cell membranes
for Ca+2 ions and also by reactivation of SOD. Actually, a growth
of the calcium flow results in the increase of the cardiac muscle cell
action potentials duration and respectively in a duration of the
cells refractory period. Owing to it, in the process of the working
myocardium activation more actomyosin bridges could be created
in comparison with the control samples, which could provide an
increase in the power of myocardial contractility.

The observed reduction in the relaxation speed (Fig. 3b,
subgroup D) and the rise in the final diastolic pressure (Fig. 3d,
subgroup D) could result from a disfunction of cardiac muscle



Fig. 3. (a and b) The effects of red light irradiation of the heart on: (a) the maximum contraction speed, (b) the relaxation speed, (c) the developed pressure and (d) the final
developed pressure. There were seven types of light treatments: control (Con) (without red light exposition), He–Ne light treatment of the right atrium after ischemia (A), He–
Ne light treatment of the right atrium without ischemia (An), He–Ne light treatment of the left ventricle after ischemia (B), luminescent light treatment of the right atrium
after ischemia (C), luminescent light treatment of the right atrium without ischemia (Cn), luminescent light treatment of the left ventricle (D) and (RT) the heart before
modeling of myocardial ischemia. Error bars represent standard errors at the 0.05 confidence level.

Fig. 4. (a) The effects of red light treatment on the level of Diene conjugates (in
units of optical density/mass of common lipids in 1 g of the heart tissues). (b) The
effects of red light treatment on the level of Triene conjugates (in units of optical
density/mass of common lipids in 1 g of the heart tissues). See notes in Fig. 3a and b.

Fig. 5. The effects of red light treatments on the SOD activity in the heart tissues
(one unit of the SOD activity represents the amount of enzyme that inhibits the rate
of nitroblue tetrazolium reduction by 50%). There were three types of treatments:
(1) the control (Con) (without red light), (2) He–Ne laser light treatment (L1) and
luminescent light treatment (L2). Error bars represent standard errors at the 0.05
confidence level.
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relaxation processes; in turn it could be caused by a failure to evac-
uate an excessive amount of Ca2+ [18,19] due to a postischemic
adenosine triphosphate deficit that impairs the functioning of cal-
cium adenosine triphosphatase.

Reduction in a level of the molecular products of lipid
peroxidation in the experimental group samples could be caused
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by photoreactivation of SOD in the myocardial tissues. Indeed
while initiating transition of reactions of adenosine triphosphate
resynthesis to the anaerobic pathway (which is related to lactate
excreting following glycolysis reactions) ischemia provokes tissue
acidosis [18]. Reduction in pH inhibits the SOD activity but low-
intensity laser light can reactivate it [20,21].

The following progression of the processes in the experimental
group samples could be suggested to explain the observed results:
(a) oxygen deficiency in the myocardium tissues had been provoked
by ischemia resulted in formation of active forms of oxygen (includ-
ing superoxide radical) and the consequent damage of the cardiac
hystiocytes [18], (b) reperfusion of the myocardium resulted in
additional production of the active oxygen forms and the reoxygen-
ation damage in the heart muscle cells [22], (c) inactivation of SOD
due to decreasing in a pH level in the affected myocardial tissues
[18,20,23], (d) reactivation of SOD by red light irradiation of the
samples [6], (e) decreasing in the amount of molecules of superox-
ide radical in the heart tissues, (f) restoration of the contractile pro-
cesses of the heart. It is also known that addition of SOD to the
perfusion liquid reduces the effect of reperfusion damage of the
myocardium significantly [6].

The experimental data support the hypothesis about a key role
of this enzyme in the processes induced by irradiation of isolated
hearts by low-power red light. The results obtained in this research
also show that wideband red light can reactivate this enzyme in
the living tissues and provide the observed effect of normalization
of the level of lipid peroxidation in the myocardium.
5. Conclusion

Low-power red light produced by both a laser and a wideband
source can control the contractile activities of the isolated hearts.
The absence of an essential difference in the effects of photomodi-
fication of the cardiac muscle contractility parameters and the
antioxidant system caused by both monochromatic laser light
and wideband red light treatments show that monochromaticity
and coherence of light do not specifically influence the photochem-
ical processes induced in the living tissues. However, it should be
pointed out that coherent light can diffract on optical obstacles
in the myocardial tissues and interfere in the region where one dif-
fracted beam overlaps another one. As a result, a local light inten-
sity in the bright interference fringes can have excessive values and
cause damage of the affected cardiac hystiocytes.
Appendix A. Supplementary material

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.jphotobiol.2011.06.006.
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