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Summary

Chronic continuous light exposure leads to melatonin deficiency
along with complex neurohumoral activation resulting in
hypertension development in rats. The aim of this study was to
show, whether continuous light induces fibrotic rebuilding of the
aorta and whether the treatment with melatonin or angiotensin
converting enzyme inhibitor captopril can prevent these potential
alterations. In a six-week experiment, 3-month-old Wistar rats
were divided into 4 groups (ten per group): controls, rats
exposed to continuous light, exposed to continuous light plus
(100 mg/kg/24 h) and exposed to

continuous light plus treated with melatonin (10 mg/kg/24 h).

treated with captopril

Systolic blood pressure (SBP) and collagen type I and III in the
media of thoracic aorta were measured. Continuous light induced
hypertension and fibrotic rebuilding of the aorta in terms of
enhancement of collagen I and III concentration in the aortic
media. Both captopril and melatonin prevented SBP rise and
reduced collagen III concentration in the aorta. However, only
melatonin reduced collagen I and the sum of collagen I and III in
the aortic tissue. We conclude that in continuous light-induced
hypertension, administration of melatonin, along with SBP
reduction, decreases collagen I and III concentration in the
aorta. It is suggested that antifibrotic effect of melatonin may
reduce the stiffness of the aorta and small arteries and
beneficially influence the nature of the pulse wave and peripheral

vascular resistance.
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Introduction

Fibrotic rebuilding of the heart, aorta, small
arteries or kidneys in the condition of chronically
increased blood pressure represents the principal tissue
damage resulting in deterioration of organ function and
worsening of prognosis. It is generally assumed that
attenuation of the pathological remodeling of the heart
and large vessels diminishes cardiovascular risk. This
stimulates the search for new approaches and drugs
against the consequences of hemodynamic overload-
induced cardiovascular remodeling in variable models of
experimental hypertension and in clinical conditions
(Paulis et al. 2009, 2010b, Pechanova et al. 2007,
Rezzani et al. 2010, Schiffrin 2012, Simko et al. 2004,
2009, 2010).

Melatonin was proven to express
antihypertensive action in several animal models of
hypertension (Li et al. 2009, Paulis et al. 2010a, Paulis
and Simko 2007, Simko et al. 2009, Simko and Paulis
2007, Simko et al. 2010, Xia et al. 2008) and in
normotensive and hypertensive humans (Grossman et al.
2006, 2011, Paulis et al. 2012, Rechceinski et al. 2010,
Scheer et al. 2004, Simko and Pechanova 2009) and the
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deficit of melatonin results in blood pressure rise (Jonas
et al. 2003, Simko et al. 2013, Zeman et al. 2005). The
model of continuous illumination-induced hypertension
represents a melatonin-deficient blood pressure elevation
as a result of reduced nocturnal melatonin secretion and
complex neurohumoral activation (Simko et al 2010,
2013). Previously it has been shown in our laboratory that
continuous light-induced increase in blood pressure was
associated with left ventricular hypertrophy and fibrosis
and the administration of melatonin prevented oxidative
stress and fibrosis of the left ventricle (Simko et al.
2010).

Melatonin  exerts manifold protection on
cardiovascular system. This indolamine has a remarkable
antioxidant and scavenging effect both at extra- and
intracellular level (Reiter et al. 2007, Tengattini et al.
2008). Furthermore, melatonin has also antihypertensive,
antiproliferative and sympatholytic effects (Simko and
2007, 2012, 2013).

converting enzyme (ACE) inhibitors, including captopril,

Paulis Similarly, angiotensin
decrease blood pressure, remodeling of the heart and

vessels, and neurohumoral activation, resulting in
cardiovascular protection (Simko et al. 2003).

In this experiment we investigated, whether
light-induced hypertension induces (or not) fibrosis of the
aorta and whether this potential excess of collagen can be
modified by melatonin or angiotensin converting enzyme

inhibitor captopril.
Methods

Animals and treatment

3-month-old male Wistar rats were randomly
divided into four groups (n=10 each): controls (c), rats
exposed to continuous light (24), exposed to continuous
light plus treated with captopril (100 mg/kg/24 h) (24C)
(Egis Pharmaceuticals Ltd., Budapest, Hungary) and
exposed to continuous light plus treated with melatonin
(10 mg/kg/24h)  (24M) Co.,
Deisenhofen, Germany). All treatment drugs were

(Sigma  Chemical
administrated perorally dissolved in drinking water each

day during the six weeks of experiment. The
concentration of these drugs was adjusted to daily water
consumptions to ensure the correct dosage. Melatonin
containing solutions were protected from light. All rats
were housed at a temperature of 22-24 °C in individual
cages and were freely fed a regular pellet diet in
accordance with the Guide for the Care and Use of

Laboratory Animals published by the US National

Institutes of Health (NIH publication no. 8523, revised
1985).

Systolic blood pressure (SBP) was measured
each week by noninvasive tail-cuff plethysmography
(Hugo-Sachs Elektronik, Freiburg, Germany). After six
weeks of experiment the animals were sacrificed by
decapitation and the samples of thoracic aorta
(approximately 50 mg) were used for the analysis of

collagen type I and III in the media.

Collagen type I and Il in aortic media

Samples from the thoracic aorta were fixed in
4 % formaldehyde (Sigma Chemie, Germany) for 24 h,
embedded in paraffin, cut in 5 pm slices. Deparaffinized
and rehydrated 5 um thick slices were stained with
picrosirius red as follows: the slides were submerged in
0.2 % phosphomolybden acid for clearing the cytoplasm,
then the slides were stained with 0.1 % sirius red F3BA
in a saturated water solution of picric acid for 90 min.
The slides were washed 2 min in 0.01 N HCI, dehydrated
and mounted.

10 randomly selected places of aorta on each
slide were viewed by microscopy under polarized light
and documented with a digital photographic camera
PowerShot S5 IS (Canon, Japan). The size of each taken
picture of aorta was 4.2 x 3.1 mm. Then, the parts of
aortic media sized 0.58 x 0.58 mm (1 px = 0.39 pm) from
each picture were selected and evaluated by
histomorphometry using the Image] software v.1.43u
(National of Health, Bethesda, USA).

Threshold values were determined for the particular

Institutes

colors of spectrum, red to yellow for thick collagen I and
green for thin collagen III, the numbers of pixels of each
color were counted and the percentage of the picture’s
area was calculated.

Statistical analysis

For statistical analysis the software GraphPad
InStat version 3.06 (GraphPad Software Inc, San Diego,
CA, USA) was used. The results were expressed as mean
+ standard error of mean (SEM). One-way, two-tailed
analysis of variance (ANOVA) and the Bonferroni post-
test were used. Differences were considered significant if
the P value was less than 0.05.

Results

During the six weeks of treatment, the average

SBP in controls and in  24-group  were
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126.06+0.25 mmHg and 143.03£1.86 mmHg, respectively
(increased by 13 %, P<0.05). Systolic blood pressure
decreased significantly (P<0.05) after both captopril
(14 %) and melatonin (9 %) treatment (Fig. 1).
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Fig. 1. The effect of captopril (24C) and melatonin (24M) on
average systolic blood pressure during 6 weeks of experiment in
24 h continuous light-induced hypertension (24). c, Wistar
controls. * P<0.05 vs. c; # P<0.05 vs. 24

The level of collagen I in aortic media was
7.77+0.73 % and 29.04+1.77 % in controls and 24-group,
respectively (increased by 274 %, P<0.05). Only melatonin
significantly reduced collagen I (by 39 %, P<0.05)
(Fig. 2A, 3). The level of collagen III in aortic media was
0.0012+0.0003 % and 0.031940.0069 % in controls and in
24-group, respectively (P<0.05). Both captopril (47 %) and
melatonin (88 %) decreased collagen III level (P<0.05)
(Fig. 2B, 3). The sum of collagen I and III in aortic media
was 7.77+0.73 % and 29.3541.95 % in controls and in
24-group, respectively (increased by 277 %, P<0.05). Only
melatonin reduced the sum of collagen I and III by 39 %
(P<0.05) (Fig. 2C, 3).

Discussion

Continuous application of 24 h/day light during
six weeks resulted in hypertension development and
fibrotic rebuilding of the aorta in terms of enhancement
of collagen I and III concentration in the media. Both
captopril and melatonin prevented blood pressure rise and
reduced collagen III concentration in the aorta. However,
only melatonin reduced collagen I and the sum of
collagen I and III in the aortic tissue.

There are two experimental approaches that
severely compromise melatonin production and disturb
its regulatory role in daily rhythmicity, i.e. pinealectomy
and continuous light exposure (Simko and Paulis 2013).
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Fig. 2. The effect of captopril (24C) and melatonin (24M) on the
concentration of collagen I (A), III (B) and the sum of collagen I
and III (C) in the aortic media in 24 h continuous light-induced
hypertension (24). ¢, Wistar controls. * P<0.05 vs. ¢; # P<0.05
vs. 24

However, in the light-induced “melatonin-deficient”

hypertension  development, several neurohumoral
mechanisms seem to participate, including increased
epinephrine synthesis in the adrenal gland (Ivanisevic-
Milovanovic et al. 1995), the shortage of sympatholytic
effect of melatonin (Arangino et al. 1999), increased
expression of angiotensin II level in the left ventricle

(Simko et al. 2010), or activation of adrenocorticotropic



S138 Repova-Bednarova et al.

Vol. 62

Fig. 3. The effect of captopril (24C) and melatonin (24M) on the concentration of collagen in the aortic media in 24 h continuous light-
induced hypertension (24). Specimens are stained with picrosirius red and evaluated in polarized light: red to yellow color represents

collagen I and green color represents collagen III. ¢, Wistar controls

hormone — glucocorticoid axis (Milosevic ef al. 2005). It
is suggested that melatonin deficiency in continuous light
exposed animals triggers a sequence of neurohumoral
imbalances, which may contribute to blood pressure
alterations and target organ damage via variable indirect
(vasoconstrictive and circulating fluid enhancing) or
direct mechanisms (Simko and Paulis 2013).

In our previous experiments it has been shown
that light-induced hypertension stimulated hypertrophy
and fibrosis development in the left ventricle (Simko et
al. 2010). Both captopril and melatonin prevented blood
pressure increase. However, only melatonin decreased the
concentration of insoluble and the total collagen in the
left ventricle, although only captopril reduced Ieft
ventricular hypertrophy development (Simko ef al. 2010).

Similarly, melatonin reduced left ventricular fibrosis in
L-NAME-induced hypertension (Paulis et al. 2009) and
in spontaneously hypertensive rats (Simko et al. 2009).

It has been shown that melatonin improves
endothelial function in terms of enhancement of nitric
oxide synthesis and reduction of its degradation
(Dominguez-Rodriguez et al. 2010, Paulis et al. 2010a,
Rezzani et al. 2010, Tengattini e al. 2008) and attenuates
the remodeling of smaller arteries (Paulis ef al. 2010b).
However, according to our knowledge, the data referring
to the protective effect of melatonin in the aorta and large
conduit arteries are missing. In this experiment melatonin
reduced the

concentrations. Within the cardiovascular tissues at least

prominently collagen 1 and III

twelve types of collagen were disclosed, however,
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collagen I and IIl seems to play the dominant role
(Pelouch et al. 1995, Simko and Paulis 2012). Collagen 1
fibers have an extremely high tensile strength (Pelouch et
al. 1995, Weber 1989) and in a decisive manner
determine the stiffness of the myocardium or aorta. Type
III collagen is more distensible than collagen I and seems
to maintain the structural integrity of the network (Weber
1989). These collagen types together are responsible for
tensile strength, but also contribute, together with elastin,
somewhat to the extensile properties of the aorta (Dobrin
and Mrkvicka 1994). Collagen linking to vascular smooth
muscle cells significantly contributes to the stiffness of
the aorta and conduit arteries (Schiffrin 2012), and
enhancement of the aortic stiffness seems to be
prognostically unfavorable (Schiffrin 2012). Several
antihypertensive agents, including those interfering with
angiotensin II production or effect, aldosterone receptor
blockers or calcium channel blockers, were shown to
reduce vascular stiffness, potentially through their
inhibition of the production of growth factors resulting in
the attenuation of proliferation and fibrosis (Schiffrin
2012).

The potent antifibrotic effect of melatonin in the
aorta shown in our experiment, which was more
prominent than that of captopril, may hardly be
determined purely by melatonin’s hemodynamic effect,
although
relatively week compared to captopril. More plausible

since the SBP reduction, significant, 1is
explanation resides in the prominent antioxidative effect
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