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ORIGINAL ARTICLE

Relaxin and atrial natriuretic peptide pathways participate in the
anti-fibrotic effect of a melon concentrate in spontaneously
hypertensive rats
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Anne-Dominique Lajoix1 and Bernard Jover1*
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Abstract

Background: In spontaneously hypertensive rats (SHR), a model of human essential hypertension, oxidative

stress is involved in the development of cardiac hypertrophy and fibrosis associated with hypertension. Dietary

supplementation with agents exhibiting antioxidant properties could have a beneficial effect in remodeling of the

heart. We previously demonstrated a potent anti-hypertrophic effect of a specific melon (Cucumis melo L.)

concentrate with antioxidant properties in spontaneously hypertensive rats. Relaxin and atrial natriuretic

peptide (ANP) were reported to reduce collagen deposition and fibrosis progression in various experimental

models.

Objective: The aim of the present investigation was to test the hypothesis that, beside reduction in oxidative

stress, the melon concentrate may act through relaxin, its receptor (relaxin/insulin-like family peptide receptor

1, RXFP1), and ANP in SHR.

Design and results: The melon concentrate, given orally during 4 days, reduced cardiomyocyte size (by 25%)

and totally reversed cardiac collagen content (Sirius red staining) in SHR but not in their normotensive

controls. Treatment with the melon concentrate lowered cardiac nitrotyrosine-stained area (by 45%) and

increased by 17�19% the cardiac expression (Western blot) of superoxide dismutase (SOD) and glutathione

peroxidase. In addition, plasma relaxin concentration was normalized while cardiac relaxin (Western blot)

was lowered in treated SHR. Cardiac relaxin receptor level determined by immunohistochemical analysis

increased only in treated SHR. Similarly, the melon concentrate reversed the reduction of plasma ANP

concentration and lowered its cardiac expression.

Conclusions: The present results demonstrate that reversal of cardiac fibrosis by the melon concentrate

involves antioxidant defenses, as well as relaxin and ANP pathways restoration. It is suggested that dietary

SOD supplementation could be a useful additional strategy against cardiac hypertrophy and fibrosis.

Keywords: cardiomyocyte; endogenous antioxidant defense; fibrosis; oxidative stress; relaxin/insulin-like family peptide

receptor 1
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L
eft ventricular hypertrophy is an adaptive response

to pressure or volume overload that preserves

cardiac function. Cardiac hypertrophy may also

be considered as a strong predictor of cardiovascular

events in clinical hypertension (1). In spontaneously hy-

pertensive rats (SHR), a widely studied model of human

essential hypertension, oxidative stress appears to be

involved in the development and maintenance of hyper-

tension and its associated cardiac remodeling (2, 3).

Dietary antioxidant supplementation could therefore be a

potential therapy. Indeed, some authors have demon-

strated beneficial effects of agents with antioxidant

properties in cardiovascular disorders (4�7). Beside

treatments with dietary antioxidants such as selenium

or vitamins, an original way to decrease oxidative stress is

by inducing endogenous antioxidant defense. In this

context, a potent anti-hypertrophic effect of a specific

melon concentrate, able to increase endogenous antiox-

idant enzymes, has been previously demonstrated in the

heart of SHR (8). However, the precise mechanism of

action of this melon concentrate in the reduction of

cardiac hypertrophy remains to be explored.

Together with hypertrophy, fibrosis of the cardiac tissue

is also a common alteration observed in SHR rats (9, 10).
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Fibrosis serves as a compensatory response to myocardial

injury and is defined as the hardening or scarring of tissues

attributable to an excessive deposition of extracellular

matrix components. It results from chronic inflammation

and aberrant wound healing, and it is the final common

pathway to almost all forms of progressive cardiovascular

disease (11, 12). Interstitial fibrosis in hypertrophied hearts

leads to cardiac stiffness and may alter the diastolic

function as demonstrated in the SHR in which a role of

fibrosis in the transition to failure was suggested (9).

Moreover, the SHR presents an increased incidence of

atrial arrhythmias attributed to myocardial fibrosis (13).

Among the anti-fibrotic peptides, relaxin was reported

to reduce collagen type I and III expression in cardiac

fibroblasts (14). Heart is both a source and a target organ

for the relaxin hormone (15, 16). The activation of relaxin/

insulin-like family peptide receptor 1 (RXFP1) by relaxin

binding plays a role in extracellular matrix remodeling

(16). Overall, relaxin has a high anti-fibrotic effect on

preventing and reducing aberrant collagen deposition and

fibrosis progression in various experimental models,

regardless of pathogenesis (10, 16, 17). Another peptide

involved in cardiac remodeling that may have a beneficial

influence is the atrial natriuretic peptide (ANP). Indeed,

some authors have shown that ANP could play a role in

preventing cardiac disorders, such as fibrosis (18, 19).

Therefore, the present investigation was designed to

further characterize the influence of a chronic supple-

mentation with a specific melon concentrate on cardiac

fibrosis in the SHR and its normotensive counterpart, the

Wistar Kyoto rat (WKY). A specific objective was to

assess the involvement of relaxin, RXFP1, and ANP as

targets of melon concentrate that can participate in its

beneficial influence on cardiac remodeling in genetic

hypertension.

Materials and methods

Preparation and characterization of the melon concentrate

SODB (Superoxide dismutase by Bionov, Bionov, Avignon,

France) is a dried melon juice concentrate, particularly rich

in superoxide dismutase (SOD), resulting from a patented

process.

Around 625 kg of a specific proprietary and non-

genetically modified organism (GMO) melon variety

Cucumis melo L. (equivalent to 15 kg of dried melon pulp)

is needed to produce 1 kg of this dried melon juice

concentrate. Briefly, the melon pulp is separated from skin

and seeds and crushed before centrifugation. Then, the

melon juice undergoes filtration and concentration steps.

Finally, the obtained melon juice concentrate is freeze-dried.

For nutraceutical applications, this freeze-dried melon juice

concentrate is coated with palm oil, using the spray drying

method, in order to preserve SOD activity from the digestive

enzymes secreted above the small intestine.

Detailed information about the antioxidant content of

this particular melon concentrate has been published in a

previous study (20).

Experimental design

This study was carried out in strict accordance with the

Helsinki Declaration of 1975, as revised in 2008 and

complied with the European and French laws (permit

numbers B-3417226 and 34179). The protocol was ap-

proved by the French National Committee on the Ethics of

Animal Experiments (n8 1109). All surgery was performed

under ketamine and xylazine anesthesia, and all efforts

were made to minimize suffering.

Twenty 9-week-old SHR and twenty 9-week-old WKY

(Janvier, le Genest-St-Isle, France) were used in the present

experiments. They were housed at 22918C, subjected to a

12 h light/12 h dark cycle with free access to both food

(A04, SAFE, Augy, France) and tap water. Rats were

assigned to four treatment groups (n�10 in each). One

group of SHR and one group of WKY received the melon

concentrate at the daily dose of 4U SOD mixed with food.

The two other groups of SHR and WKY remained

untreated and served as controls. Melon concentrate

treatment was given for 4 days. The dose and duration of

melon concentrate treatment were chosen according to

previous studies where these conditions were efficient on

cardiac mass, that is, the smallest dose within the shortest

period of administration with a significant effect on

cardiac mass (8). At the end of the experimental period,

rats were weighed and anesthetized (ketamine and xyla-

zine, 75 and 25 mg/kg). Then, 5 mL of blood was sampled

in all rats by cardiac puncture, centrifuged (4,000 rpm,

10 min), and plasma was stored at �808C until analysis.

The left ventricle (LV) was weighed, and LV weight index

(LVWI) was calculated (LVW to body weight ratio). The

LV was cut into several pieces for various determinations.

Histology

One piece of LV was paraffin-embedded and cut into 3 mm

sections and mounted on Superfrost-Plus glass slides

(Menzel, Braunschweig, Germany). For fibrosis determi-

nation, LV sections were stained with 0.1% picrosirius red

and mounted in Eukitt medium. Fibrosis was quantified in

five to ten given fields per animal, and expressed as the

percentage of fibrous tissue area stained with picrosirius

red. To determine the cardiomyocyte size, the shortest

transverse diameter was measured in a blind fashion by

three different observers on at least 10 transverse sections

per heart.

For immunohistochemistry, LV sections were deparaf-

finized and immersed in citrate buffer (pH 6.0) for 20 min

at 908C. Endogenous peroxidase was blocked using freshly

prepared 0.1% peroxide in water for 30 min, and then

unspecific binding sites were blocked by blocking solution

(10% normal goat serum, 1% bovine serum albumin in

phosphate-buffered saline) for 20 min at 378C. The slides
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were incubated at 48C overnight with the anti-RXFP1

antibody (Sigma-Aldrich, Saint-Quentin Fallavier, France),

1:50 dilution, or with the anti-nitrotyrosine antibody

(Merkmillipore, Fontenay sous Bois, France), 1:100

dilution. Detection was carried out with the novostain

universal detection kit (Novocastra Laboratories,

Newcastle upon Tyne, UK) and diaminobenzidine as

chromogen. Hematoxylin was used as counterstain.

RXFP1 and nitrotyrosine were quantified in five to ten

given fields per animal. All analyses were performed using

image analysis software (ImageJ).

Cardiac Western blot analysis

The LV protein extraction was carried out on ice in 20 mM

of Tris buffer (pH 6.8) containing 150 mM sodium

chloride, 1 mM EDTA, 1% Triton 20%, 0.1% SDS, 1%

protease inhibitor cocktail (Sigma-Aldrich). After centri-

fugation (1,500 rpm, 15 min at 48C), the supernatant was

collected and the extracted tissue proteins were then

separated by SDS polyacrylamide gel electrophoresis.

Equal amounts of proteins were loaded onto a 15%

acrylamide gel with a 4% stacking acrylamide gel. Migra-

tion was conducted in a Tris-glycine-SDS buffer. After

separation, proteins were transferred onto nitrocellulose

membranes (Whatman, Germany).

Antioxidant proteins were detected by Western blot

analysis. The primary antibodies against rat Cu/Zn-SOD,

Mn-SOD, glutathione peroxidase (GPx), catalase (CAT),

RXFP1, ANP, relaxin, and the control protein glyceralde-

hyde 3-phosphate dehydrogenase (GAPDH) were pur-

chased at R&D Systems (Lille, France) or Sigma-Aldrich.

Expression of GAPDH was used for checking the equal

protein load across gel tracks. Secondary antibodies

(Sigma-Aldrich), coupled with alkaline phosphatase,

were used for revealing the primary antibodies. Band

densities were obtained by scanning the membranes. Image

analysis (ImageJ) was used for quantification after stan-

dardization within membranes by expressing the density of

each band of interest relative to that of GAPDH in the

same lane. Results are then expressed as percent of values

obtained in untreated animals.

Plasma immunoassay measurements

Plasma ANP and relaxin levels were assessed using

enzyme immunoassay kits from Sigma-Aldrich and

R&D Systems.

Statistical analyses

Values are presented as means9SEM. Statistical analysis

of the data was carried out using R software (R Founda-

tion for Statistical Computing, Vienna, Austria) by one-

way analysis of variance followed by Mann�Whitney’s

protected least significant difference tests. P-values less

than 0.05 were considered to be significant.

Results

Melon concentrate supplementation reduced

SHR-induced cardiac alterations

As shown in Table 1, no difference was observed in body

weight whatever the group. SHR displayed an increase in

LVW, LVWI, and cardiomyocyte diameter (by �25%),

compared with WKY rats. Melon concentrate supplemen-

tation reduced these cardiac alterations in SHR (Table 1).

Indeed, SHR-associated higher LVWI was significantly

decreased in SHR-treated group. Of note, cardiomyocyte

diameter in SHR treated by melon concentrate did not

differ from both WKY groups.

As presented in Fig. 1, staining of cardiac collagens

was also higher (by 53%) in SHR, compared with the

WKY group. SHR-associated collagen increase was fully

corrected by melon concentrate supplementation (Fig. 1).

Melon concentrate treatment did not modify WKY

cardiac characteristics, that is, LVW, LVWI, cardiomyo-

cyte diameter, and collagen-stained area (Table 1).

Melon concentrate supplementation modulated

oxidative status in SHR and WKY

As shown in Table 1, nitrotyrosine-stained area was more

than threefold larger in the heart of SHR, compared with

the WKY group. Melon concentrate supplementation

significantly decreased this oxidative stress marker in

SHR (by 45%), compared with untreated SHR. No

difference in nitrotyrosine-stained area was observed

between WKY and WKY-treated groups (Table 1).

Cardiac antioxidant enzymes measurements by

Western blot displayed a decrease in SOD and GPx protein

expression in SHR compared with the WKY group (by 17

and 14%, respectively). These enzymes were induced after

melon concentrate administration whatever the strain.

Indeed, endogenous SOD and GPx protein expression was

increased, by 13 and 14% in WKY rats, and by 19 and 17%

in SHR animals, respectively (Table 1). CAT protein

expression was not modulated whatever the group.

Melon concentrate supplementation corrected

SHR-altered relaxin pathway

As shown in Fig. 2a, plasma relaxin concentration was

decreased by 20% in SHR animals, compared with WKY.

Melon concentrate treatment corrected this alteration by

increasing circulating relaxin in SHR-treated group. No

difference was observed in plasma relaxin concentration

in the two WKY groups.

As depicted in Fig. 2b, cardiac relaxin measured by

Western blot analysis was increased in SHR (by 57%),

compared with WKY. Melon concentrate supplementa-

tion fully corrected the level of cardiac relaxin in SHR,

whereas no difference was observed in WKY groups.
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Melon concentrate supplementation corrected

SHR-altered RXFP1 concentration

Figure 3 represents the cardiac level of the relaxin receptor,

RXFP1, which was significantly impaired in the heart of

SHR, that is, 33% lower when compared with the WKY

rats. Melon concentrate treatment fully corrected the level

of this receptor in SHR, whereas no difference was

observed in WKY groups.

Western blot results confirm the effect of melon

concentrate administration. Indeed, cardiac RXFP1

level was significantly higher in SHR-treated group

(111910%), compared with the untreated SHR (6499%).

Finally, no difference was observed in cardiac RXFP1

level between WKY (fixed to 100%) and WKY-treated

groups (109912%).

Melon concentrate supplementation corrected

SHR-altered ANP pathway

Plasma ANP measurement (Fig. 4a) displayed the same

variations as those of plasma relaxin, that is, a reduction in

plasma concentration in SHR (by 10%), compared with

WKY, and a correction with melon concentrate supple-

mentation in SHR-treated group. No difference was obser-

ved in plasma ANP concentration in the two WKY groups.

As depicted in Fig. 4b, cardiac ANP measured by

Western blot analysis was increased in SHR (by 65%),

compared with WKY. Melon concentrate supplementa-

tion fully corrected the level of cardiac ANP in SHR,

whereas no difference was observed in WKY groups.

Discussion

The present results confirm the previous report (8)

demonstrating in SHR that the specific melon concentrate

could reverse cardiac hypertrophy, equatedwith LVWI and

Table 1. Cardiac hypertrophy and oxidative status in SHR and WKY after melon concentrate administration

WKY SHR

Untreated Treated Untreated Treated

BW (g) 27795 27193 27292 27893

LVW (mg) 569911 56498 70998* 65798*§§

LVWI (mg HW/gBW) 2.0690.02 2.0890.02 2.6190.03* 2.3690.02*§

Cardiomyocyte diameter (mm) 17.890.6 17.690.7 22.490.6* 18.090.6§

Nitrotyrosine (% of stained area) 1.090.1 1.190.1 3.790.5** 2.190.3*§

SOD (% of untreated group) 100 11393§ 8392* 9992§

GPx (% of untreated group) 100 11494§ 8693* 10192§

CAT (% of untreated group) 100 11996 10293 9697

Values are means9SEM. BW, body weight; LVW, left ventricle weight; LVWI, left ventricular weight index; SOD, superoxide dismutase; GPx, glutathione

peroxidase; CAT, catalase.

SOD, GPx, and CAT protein expressions were standardized within membranes by expressing the density of each band of interest relative to that of

GAPDH in the same lane. Results are then expressed as relative change from the corresponding untreated group (WKY or SHR) band intensity.

*pB0.05 and **pB0.01 compared with untreated WKY; §pB0.05 and §§pB0.01 effect of melon concentrate treatment, compared with the untreated

group.

Fig. 1. Influence of melon concentrate supplementation on
cardiac fibrosis. (a) Cardiomyocyte staining with Sirius red.
(b) Collagen content determined after staining with Sirius
red on at least seven sections per heart. *pB0.05 compared
with untreated WKY; §§§pB0.001 effect of melon concen-
trate treatment, compared with the untreated group.
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histological determination of cardiomyocyte diameter.

Although arterial pressure was not recorded in the

present experiment, we previously observed a weak anti-

hypertensive effect of melon concentrate, which has

probably only a minor influence on the reduction of

cardiac mass in SHR (8). Cardiac hypertrophy regressed

rapidly and to the extent that was observed in the previous

report. In addition, this was the peak effect since no

additional reduction was detected after 28 days of treat-

ment with melon concentrate (8). Such a rapid regression

of cardiac mass is not unusual and was reported in SHR

after 1 week of AT1 receptor antagonist treatment (21) as

well as within 1�3 days after aortic constriction relief in

rats (22). Beyond pharmacological or mechanical blood

pressure reduction, it was suggested that regression of

cardiac hypertrophy is not merely a reversal but also a

separate process with specific pathways; whether this

occurred with the melon concentrate remains to be

investigated. As expected, cardiac remodeling in the

SHR was associated with enhanced fibrosis, evidenced by

an increase in cardiac collagen staining. While melon

concentrate treatment did not modify cardiac structure in

WKY rats, it fully corrected fibrosis in SHR. Indeed, after

4 days of supplementation with melon concentrate, cardiac

collagen staining by Sirius red was similar between WKY

groups and the SHR-treated group. The current observa-

tions extend the beneficial effect of this particular melon

concentrate to cardiac fibrosis, another deleterious altera-

tion of the heart often associated with hypertensive states.

Among the various participants, which could be in-

volved in the reduction of cardiac fibrosis, is the lowering

of oxidative stress. Oxidative stress is increased in hyper-

tension, cardiac fibrosis, and hypertrophy (23�25). An

increase in reactive oxygen species (ROS) plays a critical

Fig. 2. Influence of melon concentrate supplementation on
relaxin concentration. (a) Plasma relaxin level. (b) Cardiac
protein expression of relaxin. Quantification was made after
standardization within membranes by expressing the density
of the band of relaxin relative to that of GAPDH in the same
lane. Results are then expressed as relative change from
untreated WKY band intensity. *pB0.05 compared with
untreated WKY; §pB0.05 and §§§pB0.001 effect of melon
concentrate treatment, compared with the untreated group.

Fig. 3. Influence of melon concentrate supplementation on
RXFP1 concentration. (a) Immunohistochemical staining of
cardiomyocytes with RXFP1. (b) RXFP1 level determined
after immunohistochemical analysis on at least seven
transverse sections per heart. *pB0.05 compared with
untreated WKY; §pB0.05 effect of melon concentrate
treatment, compared with the untreated group.
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role in the development and progression of cardiac

remodeling (24, 25). As expected, cardiac oxidative stress

was increased in SHR compared with WKY as evidenced

by the higher nitrotyrosine level and the lower antioxidant

defense expression. Interestingly, melon concentrate ad-

ministration was associated with an increased expression

of endogenous SOD and GPx in both SHR and WKY.

This induction of antioxidant defense in the heart of SHR

could naturally allow a decrease in oxidative stress, as

previously shown in several studies in heart (8), liver (26),

and adipose tissue (27). Here, we demonstrated a reduction

of nitrotyrosine in SHR-treated group, which confirms

and extends our previous report (8). The decrease in

oxidative stress after melon concentrate supplementation

could consequently explain a reduction of cardiac fibrosis

in SHR.

While melon concentrate treatment did not modify

cardiac remodeling in WKY rats, it induced endogenous

antioxidant defenses in these control animals, as in SHR

rats. It seems therefore that the increase of defenses is

inactive without oxidative stress (as suggested in our

study with low nitrotyrosine level in WKY) but could

have a role during later oxidative damage. These results

suggest that melon concentrate supplementation could

induce antioxidant defenses independently of tissues or

pathologies.

Another mechanism that may have an important role in

the cardiac fibrosis is the modulation of relaxin pathway in

SHR-associated cardiac disorders. In the present experi-

ments, we observed an increase in cardiac relaxin and a

decrease in circulating relaxin in SHR compared with

WKY. The lower concentration of RXFP1 in SHR

confirmed the relaxin pathway alteration in the hyperten-

sive animals. The decrease in cardiac RXFP1 and modi-

fications in relaxin in SHR could therefore facilitate

cardiac fibrosis. Relaxin administration was shown to

reduce cardiac fibrosis in the hypertrophied heart asso-

ciated with b-adrenergic system enhancement (28) as well

as in a model of diabetic cardiomyopathy (29). However,

the role of endogenous relaxin is not unequivocal. In a

model of hypertrophy induced by transverse aortic

constriction, myocardial fibrosis was similar in relaxin-

deficient and wild-type mice, thus suggesting that

endogenous relaxin does not have a pivotal role in a

chronic pressure overload model (30). In the absence of

change in mRNA levels of RXFP1, it was suggested in the

latter study that the increase in relaxin expression did not

reach a level sufficient enough to offset the extensive

fibrosis in this model. Yet, in the SHR model, endogenous

relaxin was upregulated in cardiac tissue (31).

In the present SHR, the reduction of cardiac fibrosis by

the melon concentrate was accompanied by an increase in

plasma relaxin, to a level similar to that of normotensive

rats. Various sources of relaxin were identified in the male

rats, including the heart (32). In SHR, gene expression of

relaxin and protein content of the peptide was elevated

only in the heart (31). It is therefore plausible that the

hypertrophied heart of the SHR was an important source

of relaxin. Interestingly, cardiac relaxin was decreased

after melon concentrate treatment in SHR while this

treatment was devoid of influence in WKY rats. These

observations favor an induction by the melon concentrate

of relaxin secretion from the cardiomyocyte of SHR.

Concomitantly, the cardiac content of RXFP-1, which

was reduced in SHR, markedly increased after melon

concentrate administration. Altogether, these results sug-

gest that the beneficial effect of the melon concentrate in

the SHR could be linked to the normalization of relaxin

secretion and upregulation of its receptor, RXFP-1, that

very likely improve the anti-fibrotic effect of the peptide.

In our study, cardiac ANP was increased whereas

circulating ANP was decreased in SHR compared with

WKY. These observations suggest that, as for relaxin,

ANP pathway was altered in SHR. The dysregulation could

also participate in the increase of cardiac disorders in SHR.

Fig. 4. Influence of melon concentrate supplementation on
ANP concentration. (a) Plasma ANP level. (b) Cardiac
protein expression of ANP. Quantification was made after
standardization within membranes by expressing the
density of the band of ANP relative to that of GAPDH in
the same lane. Results are then expressed as relative change
from untreated WKY band intensity. *pB0.05 compared
with untreated WKY; §pB0.05 and §§pB0.01 effect of melon
concentrate treatment, compared with the untreated group.
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ANP is often upregulated in cardiac ventricle alterations

such as fibrosis (33�36). In studies using cultured neonatal

myocytes and fibroblasts, exogenous administration of both

ANP and ANP antagonists demonstrated that ANP has

anti-fibrotic functions (37). Moreover, chronic ANP

treatment decreased fibrosis in the heart of the SHR (18).

Interestingly, here, melon concentrate supplementation

was devoid of effect in WKY but corrected alterations in

SHR, as observed for relaxin. Indeed, circulating ANP was

increased whereas cardiac ANP was decreased in SHR

treated with the melon concentrate.

Many studies in animal models have revealed a

convoluted network of signaling cascades and transcrip-

tional factors in cardiac fibrosis. The current observa-

tions suggest that the correction of relaxin and ANP

secretion has a non-negligible role in the anti-fibrotic

influence of the melon concentrate. In addition, the

present results not only explain the decrease in cardiac

fibrosis but also support our previous ones (8) on the

decrease of arterial pressure and cardiac hypertrophy in

hypertensive rats. Indeed, several studies have shown that

relaxin and ANP can reduce arterial blood pressure and

cardiac hypertrophy (15, 16, 33, 38). Whether or not there

is a link between relaxin and ANP cannot be determined

from our present study. Such a link was suggested by the

increase in immunoreactive ANP from perfused rat

hearts infused with relaxin (39). Yet, the rise in cardiac

expression of ANP in response to pressure load was

observed even in mice lacking the relaxin peptide (30).

Conversely, relaxin administration was shown to exert

an anti-fibrotic influence without change in cardiac ANP

(10). Thus, if there is a link, it might be indirect and

probably not an obligatory condition for the cardiac

actions of both peptides. In addition, link between these

peptides and oxidative status has been suggested by the

inverse correlation found between circulating relaxin or

ANP and oxidative stress (reduction of oxidation pro-

ducts but induction of endogenous SOD) in the heart and

other organs (40, 41).

In conclusion, the beneficial effects of the specific

melon concentrate supplementation observed in SHR-

induced cardiac disorders, that is, anti-hypertrophic and

anti-fibrotic properties could therefore be explained by

the induction of antioxidant defenses as well as restora-

tion of ANP and relaxin pathway in cardiac tissue.
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PL, et al. Preventive effects of nutritional doses of polyphenolic

molecules on cardiac fibrosis associated with metabolic syn-

drome: involvement of osteopontin and oxidative stress. J Agric

Food Chem 2008; 56: 11683�7.

5. Dolinsky VW, Chakrabarti S, Pereira TJ, Oka T, Levasseur J,

Beker D, et al. Resveratrol prevents hypertension and cardiac

hypertrophy in hypertensive rats and mice. Biochim Biophys

Acta 2013; 1832: 1723�33.

6. Rugale C, Delbosc S, Mimran A, Jover B. Simvastatin reverses

target organ damage and oxidative stress in angiotensin II

hypertension: comparison with apocynin, tempol, and hydrala-

zine. J Cardiovasc Pharmacol 2007; 50: 293�8.

7. Pan H, She X, Wu H, Ma J, Ren D, Lu J. Long-term regulation

of the local renin�angiotensin system in the myocardium of

spontaneously hypertensive rats by feeding bioactive peptides

derived from Spirulina platensis. J Agric Food Chem 2015; 63:

7765�74.

8. Carillon J, Rugale C, Rouanet JM, Cristol JP, Lacan D, Jover B.

Endogenous antioxidant defense induction by melon superoxide

dismutase reduces cardiac hypertrophy in spontaneously hyper-

tensive rat. Int J Food Sci Nutr 2014; 65: 602�9.

9. Conrad CH, Brooks WW, Hayes JA, Sen S, Robinson KG, Bing

OHL. Myocardial fibrosis and stiffness with hypertrophy and

heart failure in the spontaneously hypertensive rat. Circulation

1995; 91: 161�70.

10. Lekgabe ED, Kiriazis H, Zhao CX, Xu Q, Moore XL, Su Y,

et al. Relaxin reverses cardiac and renal fibrosis in sponta-

neously hypertensive rats. Hypertension 2005; 46: 412�18.

11. Kong P, Christia P, Frangogiannis NG. The pathogenesis of

cardiac fibrosis. Cell Mol Life Sci 2014; 71: 549�74.

12. Wynn TA, Ramalingam TR. Mechanisms of fibrosis: therapeu-

tic translation for fibrotic disease. Nat Med 2012; 18: 1028�40.

13. Choisy SC, Arberry LA, Hancox JC, James AF. Increased

susceptibility to atrial tachyarrhythmia in spontaneously hyper-

tensive rat hearts. Hypertension 2007; 49: 498�505.

14. Samuel CS, Unemori EN, Mookerjee I, Bathgate RA, Layfield

SL, Mak J, et al. Relaxin modulates cardiac fibroblast proli-

feration, differentiation, and collagen production and reverses

cardiac fibrosis in vivo. Endocrinology 2004; 145: 4125�33.

15. Du XJ, Bathgate RA, Samuel CS, Dart AM, Summers RJ.

Cardiovascular effects of relaxin: from basic science to clinical

therapy. Nat Rev Cardiol 2010; 7: 48�58.

16. Samuel CS, Hewitson TD. Relaxin in cardiovascular and renal

disease. Kidney Int 2006; 69: 1498�502.

17. Bennett RG. Relaxin and its role in the development and

treatment of fibrosis. Transl Res 2009; 154: 1�6.

18. Romero M, Caniffi C, Bouchet G, Elesgaray R, Mac Laughlin

M, Tomat A, et al. Sex differences in the beneficial cardiac

effects of chronic treatment with atrial natriuretic peptide in

spontaneously hypertensive rats. PLoS One 2013; 8: e71992.

19. Xiao B, Li X, Yan J, Yu X, Yang G, Xiao X, et al. Over-

expression of cytochrome P450 epoxygenases prevents develop-

ment of hypertension in spontaneously hypertensive rats by

Cardiac fibrosis reversal by melon concentrate

Citation: Food & Nutrition Research 2016, 60: 30985 - http://dx.doi.org/10.3402/fnr.v60.30985 7
(page number not for citation purpose)

http://www.foodandnutritionresearch.net/index.php/fnr/article/view/30985
http://dx.doi.org/10.3402/fnr.v60.30985


enhancing atrial natriuretic peptide. J Pharmacol Exp Ther

2010; 334: 784�94.

20. Carillon J, Del Rio D, Teissedre PL, Cristol JP, Lacan D,

Rouanet JM. Antioxidant capacity and angiotensin I converting

enzyme inhibitory activity of a melon concentrate rich in

superoxide dismutase. Food Chem 2012; 135: 1298�302.

21. Sarkissian SD, Tea BS, Touyz RM, deBlois D, Hale TM. Role

of angiotensin II type 2 receptor during regression of cardiac

hypertrophy in spontaneously hypertensive rats. J Am Soc

Hypertens 2013; 7: 118�27.

22. Yang DK, Choi BY, Lee YH, Kim YG, Cho MC, Hong SE,

et al. Gene profiling during regression of pressure overload-

induced cardiac hypertrophy. Physiol Genomics 2007; 30: 1�7.

23. Jennings BL, Montanez DE, Estes AM, Yaghini FA, Malik KU.

2,4,3?,5?-tetramethoxystilbene reduces blood pressure and asso-

ciated cardiac fibrosis via inhibition of cytochrome P450 1B1

and decreased oxidative stress in SHR. FASEB J 2013; 27:

1108.6.

24. Purnomo Y, Piccart Y, Coenen T, Prihadi JS, Lijnen PJ.

Oxidative stress and transforming growth factor-b1 induced

cardiac fibrosis. Cardiovasc Hematol Disord Drug Targets 2013;

13: 165�72.

25. Zhao W, Zhao T, Chen Y, Ahokas RA, Sun Y. Oxidative stress

mediates cardiac fibrosis by enhancing transforming growth

factor-beta1 in hypertensive rats. Mol Cell Biochem 2008; 317:

43�50.

26. Carillon J, Romain C, Bardy G, Fouret G, Feillet-Coudray C,

Gaillet S, et al. Curative diet supplementation with a melon

superoxide dismutase oxidative stress in obese hamster livers: an

innovative defence mechanism. Free Radic Biol Med 2013; 65:

254�61.

27. Carillon J, Knabe L, Montalban A, Stévant M, Keophiphath

M, Lacan D, et al. Curative diet supplementation with a melon

superoxide dismutase reduces adipose tissue in obese hamsters

by improving insulin sensitivity. Mol Nutr Food Res 2014; 58:

842�50.

28. Zhang J, Qi YF, Geng B, Pan CS, Zhao J, Chen L, et al. Effect of

relaxin on myocardial ischemia injury induced by isoproterenol.

Peptides 2005; 26: 1632�9.

29. Samuel CS, Hewitson TD, Zhang Y, Kelly DJ. Relaxin

ameliorates fibrosis in experimental diabetic cardiomyopathy.

Endocrinology 2008; 149: 3286�93.

30. Xu Q, Lekgabe ED, Gao XM, Ming Z, Tregear GW, Dart AM,

et al. Endogenous relaxin does not affect chronic pressure

overload-induced cardiac hypertrophy and fibrosis. Endocrinol-

ogy 2008; 149: 476�82.

31. Dschietzig T, Bartsch C, Kinkel T, Baumann G, Stangl K.

Myocardial relaxin counteracts hypertrophy in hypertensive

rats. Ann NY Acad Sci 2005; 1041: 441�3.

32. Gunnersen JM, Crawford RJ, Tregear GW. Expression of

the relaxin gene in rat tissues. Mol Cell Endocrinol 1995; 110:

55�64.

33. Booz GW. Putting the brakes on cardiac hypertrophy exploiting

the NO�cGMP counter-regulatory system. Hypertension 2005;

45: 341�6.

34. Ellmers LJ, Knowles JW, Kim HS, Smithies O, Maeda N,

Cameron VA. Ventricular expression of natriuretic peptides in

Npr1(-/-) mice with cardiac hypertrophy and fibrosis. Am J

Physiol Heart Circ Physiol 2002; 283: H707�14.

35. Soesanto W, Lin HY, Hu E, Lefler S, Litwin SE, Sena S, et al.

Mammalian target of rapamycin is a critical regulator of cardiac

hypertrophy in spontaneously hypertensive rats. Hypertension

2009; 54: 1321�7.

36. Yuan Y, Wang X, Zeng Q, Wu HM, Qi YF, Tang CS. Effects of

continuous intermedin infusion on blood pressure and hemo-

dynamic function in spontaneously hypertensive rats. J Geriatr

Cardiol 2012; 9: 17�27.

37. Nishikimi T, Maeda N, Matsuoka H. The role of natriuretic

peptides in cardioprotection. Cardiovasc Res 2006; 69: 318�28.

38. Schlueter N, de Sterke A, Willmes DM, Spranger J, Jordan J,

Birkenfeld AL. Metabolic actions of natriuretic peptides and

therapeutic potential in the metabolic syndrome. Pharmacol

Ther 2014; 144: 12�27.

39. Toth T, Taskinen P, Ruskoaho H. Relaxin stimulates atrial

natriuretic peptide secretion in perfused rat heart. J Endocrinol

1996; 150: 487�95.

40. Collino M, Rogazzo M, Pini A, Benetti E, Rosa AC, Chiazza F,

et al. Acute treatment with relaxin protects the kidney

against ischaemia/reperfusion injury. J Cell Mol Med 2013;

17: 1494�505.

41. Masini E, Cuzzocrea S, Mazzon E, Muia C. Protective effects

of relaxin in ischemia/reperfusion-induced intestinal injury

due to splanchnic artery occlusion. Br J Pharmacol 2006; 148:

1124�32.

*Bernard Jover

EA7288, Faculté de Pharmacie
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