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Abstract 

The myocardial extracellular matrix (ECM) is essential for cardiac architecture, ventricular compliance, and cell-matrix 

signaling. Because dietary lipid quality can influence oxidative stress, inflammation, and cardiometabolic regulation, it may also 

affect myocardial ECM homeostasis. This exploratory study assessed whether different lipid-enriched diets modified myocardial 

ECM-related transcript expression in healthy rats. Forty rats were allocated to five groups (n = 8 per group) and received for 12 

weeks either a control diet or diets enriched with crude palm oil, refined palm oil, olive oil, or lard. Myocardial tissue was 

collected at sacrifice, RNA was extracted and reverse-transcribed into complementary DNA, and relative expression of elastin, 

vimentin, myonectin, matrix metalloproteinase-2 (MMP-2), and the apelin receptor (APJ) was assessed by polymerase chain 

reaction using ribosomal protein lateral stalk subunit P0 (Rplp0) as the reference gene. Results were expressed as mean ± standard 

deviation and analyzed by analysis of variance followed by Tukey-Kramer multiple comparisons, with p < 0.05 considered 

statistically significant. No statistically significant between-group differences were observed for elastin, vimentin, MMP-2, 

myonectin, or APJ expression (all p > 0.05), although slight non-significant qualitative fluctuations were observed for myonectin 

and APJ in some lipid-fed groups. Overall, the findings indicate that under the specific conditions of this 12-week experiment in 

healthy rats, the tested dietary lipids did not measurably disrupt myocardial ECM-related gene expression. Because the study 

was limited to transcript-level assessment and did not include protein, histological, or functional validation, the biological 

interpretation should remain restricted to early molecular observations under non-pathological conditions. 
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1. Introduction 

The myocardial extracellular matrix (ECM) is a dynamic 

network of structural proteins, glycoproteins, proteoglycans, 

and matrix-regulating enzymes that preserves the mechanical 

stability and functional integrity of the heart. Beyond struc-

tural support, the ECM participates in force transmission, cell 

signaling, ventricular compliance, repair, and remodeling. 

Changes in ECM composition or turnover are strongly associ-

ated with fibrosis, hypertrophy, ventricular stiffening, and 

heart failure [1, 2]. More recent literature continues to empha-

size that cardiac ECM biology is highly dynamic and context 

dependent, especially during injury, metabolic stress, and re-

pair processes [14]. 

Among myocardial ECM-related markers, elastin contrib-

utes to tissue elasticity and ventricular compliance, whereas 

vimentin, an intermediate filament protein, is involved in cy-

toskeletal organization, mechanotransduction, and cellular ad-

aptation to stress [3, 9]. Matrix metalloproteinases (MMPs), 

particularly MMP-2, regulate extracellular protein turnover 

and are implicated in cardiac remodeling after injury or in-

flammation [4, 10]. Metabolic signaling pathways are also rel-

evant: myonectin is a myokine linked to lipid handling and 

systemic metabolic communication [5, 15, 17], whereas the 

apelin/APJ axis contributes to cardiovascular regulation, vas-

cular tone, myocardial performance, and metabolic adaptation 

[6, 11, 12]. 

Dietary fat quality is an important modulator of cardiomet-

abolic risk. Crude palm oil contains fatty acids together with 

antioxidant micronutrients such as carotenoids and tocotri-

enols, whereas refined palm oil may lose part of this micronu-

trient content during processing. Olive oil is rich in monoun-

saturated fatty acids and is commonly associated with favora-

ble cardiovascular profiles, whereas lard provides a more sat-

urated fatty acid pattern [7, 8, 13, 16]. Current evidence indi-

cates that the biological impact of dietary fat depends not only 

on total fat intake but also on fat quality, lipid transport effects, 

and the broader metabolic context [13, 16]. 

In this context, the present study aimed to evaluate whether 

different lipid-enriched diets altered myocardial ECM-related 

gene expression in healthy rats. Given the absence of overt 

pathology in this model, we hypothesized that any observed 

changes would likely be subtle and would need to be inter-

preted cautiously at the transcript level. 

 

 

2. Materials and Methods 

2.1. Animals and Experimental Protocol 

This exploratory animal study included 40 rats distributed 

into five experimental groups (n = 8 per group). The control 

group received a standard laboratory diet based on soybean oil. 

The four experimental groups received diets enriched with 

crude palm oil (CPO), refined palm oil (RPO), olive oil (OO), 

or lard, respectively. After one week of acclimatization, rats 

were fed for 12 weeks with either a control diet containing 5% 

soybean oil, a crude red palm oil diet containing 30% crude 

palm oil and 2.5% soybean oil, a palm olein diet containing 

30% palm olein and 2.5% soybean oil, an olive oil diet con-

taining 30% olive oil and 2.5% soybean oil, or a lard diet con-

taining 30% lard and 2.5% soybean oil. Animals were housed 

two per cage with free access to food and water. Feed allot-

ment was 1000 g/kg body weight for all diets. Food consump-

tion was monitored every two days and body weight was rec-

orded weekly to document dietary exposure conditions during 

the intervention. 

2.2. Myocardial Tissue Collection 

At the end of the 12-week feeding period, rats were sacri-

ficed under intraperitoneal anesthesia with sodium pentobar-

bital (Ceva Sante Animale, Libourne, France). All animals 

were fasted the day before sacrifice. Hearts were rapidly ex-

cised, rinsed with physiological saline, divided into two frag-

ments with a sterile knife, and processed for downstream anal-

ysis. The myocardial fragment intended for molecular biology 

was snap-frozen in liquid nitrogen, transferred to cryotubes, 

and stored at -80°C until analysis. 

2.3. PCR-Based Evaluation of ECM-Related 

Markers 

Myocardial transcript expression of elastin, vimentin, my-

onectin, MMP-2, and APJ was assessed from tissue samples. 

Total RNA was extracted from myocardial tissue and reverse-

transcribed into complementary DNA (cDNA). Relative gene 

expression was then determined by polymerase chain reaction 

(PCR) using gene-specific primers. Rplp0 was used as the ref-

erence gene for normalization. The present manuscript reports 

transcript-level results only; no complementary protein assays, 

histological analyses, or cardiac functional measurements 

were included in this dataset. 
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Table 1. Primer sequences used for gene expression analysis. 

Gene Forward primer (5'->3') Reverse primer (5'->3') 

Rplp0 CACTGGCTGAAAAGGTCAAGG GACTTGGTGTGAGGGGCTTA 

Vimentin TGCGGCTGCGAGAAAAATTG GGTCAAGACGTGCCAGAGAA 

Myonectin TGTTGTTGAAAGGTGCGGTA TCTCAAGCTCCTGGGTGACT 

Elastin GGAAAGTTCCTGGTGTCGGT AACCTTGGCCTTGACTCCTG 

APJ TTCCTTCTAGGCACCACAGG CCAAAAGGCCAGTCAAACTC 

MMP2 TTTGGTCGATGGGAGCATGG AGTACTCGCCATCAGCGTTC 

 

2.4. Statistical Analysis and Ethics 

Values were expressed as mean ± standard deviation (SD). 

Statistical analysis was based on two-way analysis of variance 

(ANOVA), followed by Tukey-Kramer multiple-comparison 

testing. Statistical analyses were performed using StatView 

software (SAS Institute, Cary, NC, USA), and differences 

were considered statistically significant at p < 0.05. All animal 

procedures were approved by the local ethics committee in 

Montpellier, France (Reference CEEA-LR-12002). 

3. Results 

Analysis of myocardial ECM-related markers revealed no 

statistically significant differences between the control group 

and the groups fed crude palm oil, refined palm oil, olive oil, or 

lard (all p > 0.05). Within the reporting framework available for 

this revision, the findings therefore support overall stability of 

the selected transcript-level endpoints across dietary groups. 

Elastin expression remained globally comparable among 

groups, suggesting preservation of myocardial elastic proper-

ties under the tested dietary conditions. MMP-2 expression 

was also stable, indicating no clear activation of enzymatic 

matrix remodeling at the transcript level. Likewise, vimentin 

expression did not vary significantly, supporting the absence 

of major structural or cytoskeletal adaptation in the healthy 

myocardium during the study period. 

Myonectin and APJ expression showed slight qualitative 

fluctuations in some lipid-fed groups, but these variations did 

not reach statistical significance. Taken together, the tran-

script profiles suggest that the tested lipid sources did not in-

duce measurable disruption of myocardial ECM-related gene 

expression under the specific experimental conditions of this 

study. The expression profiles of elastin, MMP-2, vimentin, 

and myonectin are shown in Figure 1, APJ expression is pre-

sented in Figure 2, and a synthetic interpretation is summa-

rized in Table 2. 

 
Figure 1. Effects of lipid diets on myocardial expression of elastin, MMP-2, vimentin, and myonectin. Results are expressed as mean ± SD (n 

= 8 per group). NS indicates no significant between-group difference. 
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Figure 2. Effects of lipid diets on myocardial APJ expression. Results 

are expressed as mean ± SD (n = 8 per group). NS indicates no sig-

nificant between-group difference. 

Table 2. Summary of myocardial ECM-related findings according to 

dietary group. 

Marker 
Overall result 

vs. control 
Interpretation 

Elastin 
No significant 

variation 

Preservation of 

myocardial elastic 

properties at the 

transcript level 

MMP-2 
No significant 

variation 

No clear activation of 

matrix remodeling path-

ways at the transcript 

level 

Vimentin 
No significant 

variation 

No major structural or 

cytoskeletal adaptation 

detected 

Myonectin 

Non-significant 

qualitative fluctu-

ations 

Possible metabolic 

modulation without sta-

tistical significance 

APJ 
No significant 

variation 

Stable apelin/APJ tran-

script profile under 

study conditions 

4. Discussion 

The principal finding of this study is that 12 weeks of ex-

posure to diets enriched with crude palm oil, refined palm oil, 

olive oil, or lard did not significantly modify myocardial ex-

pression of elastin, vimentin, MMP-2, myonectin, or APJ in 

healthy rats. This observation suggests that, in a non-patho-

logical setting, moderate variation in dietary lipid quality was 

not sufficient to produce detectable changes in the selected 

myocardial ECM-related transcripts. 

This result should be interpreted in light of the biological 

behavior of the cardiac ECM. In pathological states, ECM re-

modeling is commonly associated with altered structural pro-

tein composition, fibroblast activation, protease induction, 

and progressive tissue stiffening [2, 4, 10, 14]. In contrast, the 

present model involved healthy animals without overt meta-

bolic or hemodynamic stress, which may explain the overall 

stability of the markers studied. The preserved elastin and vi-

mentin profiles are consistent with the absence of major struc-

tural adaptation, while the unchanged MMP-2 signal suggests 

that a proteolytic remodeling program was not activated under 

these conditions. 

The non-significant behavior of myonectin and APJ is also 

informative. Myonectin is increasingly discussed as a media-

tor linking skeletal muscle, lipid metabolism, and cardiomet-

abolic regulation [5, 15, 17], whereas the apelin/APJ pathway 

is recognized as a multifunctional cardiovascular axis with 

vasodilatory, inotropic, anti-fibrotic, and metabolic actions 

[11, 12]. The absence of marked transcript changes in these 

pathways may indicate that the animals did not develop suffi-

cient systemic or myocardial stress to recruit these adaptive 

signaling systems at the tissue level. 

The biochemical nature of the tested fats nevertheless re-

mains relevant. Olive oil is generally associated with favora-

ble cardiometabolic effects, crude palm oil retains antioxidant 

micronutrients, refined palm oil has a different micronutrient 

profile after processing, and lard provides a more saturated 

fatty acid pattern [7, 8, 13, 16]. Despite these compositional 

differences, the myocardium remained transcriptionally stable 

for the markers examined here. This does not mean that all 

diets are biologically equivalent; rather, it suggests that under 

basal physiological conditions the myocardium may buffer 

moderate dietary lipid variation before overt ECM remodeling 

becomes detectable. 

Several limitations must be acknowledged explicitly, in line 

with the reviewer's observations. First, the study relies on 

PCR-based transcript analysis only and therefore does not es-

tablish whether protein abundance, enzyme activity, or down-

stream biological function changed in parallel. Second, no his-

tological assessment, heart weight index, echocardiographic 

evaluation, or other cardiac functional measurement was 

available to contextualize the molecular findings. Third, alt-

hough food intake and body weight were monitored during the 

experimental protocol, those variables were not integrated into 

the present molecular report, and serum lipid profiling was not 

available. Finally, the present manuscript reports non-signifi-

cance at the threshold level (all p > 0.05), and the absence of 

exact p-values or effect-size estimates limits the granularity of 

interpretation. 

Accordingly, the findings should be framed cautiously. Ra-

ther than concluding that the myocardium is intrinsically re-

sistant to dietary lipid variation, it is more appropriate to state 

that myocardial ECM-related gene expression appeared pre-

served under the specific conditions studied: healthy rats, se-

http://www.sciencepg.com/journal/ab


Advances in Biochemistry http://www.sciencepg.com/journal/ab 

 

32 

lected transcript-level markers, and a 12-week exposure pe-

riod. Future work should combine transcript, protein, histo-

logical, metabolic, and functional endpoints, ideally in longer 

interventions and in models with cardiometabolic stress, to 

better define whether different dietary lipid sources differen-

tially affect cardiac remodeling. 

5. Conclusions 

Different lipid-enriched diets based on crude palm oil, re-

fined palm oil, olive oil, and lard did not significantly alter the 

myocardial expression of selected ECM-related genes in 

healthy rats. Under the specific experimental conditions of 

this exploratory transcript-level study, myocardial ECM ho-

meostasis appeared preserved. These findings should be inter-

preted cautiously because no protein, histological, metabolic, 

or functional validation was available. Additional integrative 

studies are required before broader conclusions can be drawn 

about the cardiac effects of dietary lipid quality. 
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