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Abstract
Objective  Cardiovascular diseases are significant health problems that cause high mortality rates worldwide. 
Myocardial infarction (MI), in particular, is one of the leading conditions among these diseases. The aim of this 
study is to evaluate the potential therapeutic approach of carvacrol in the treatment of cardiovascular diseases by 
investigating its protective effects against myocardial infarction through oxidative stress and biomarker levels.

Materials and methods  In this study, 28 male Wistar albino rats were used, and divided into 4 groups: Control, 
Carvacrol, Myocardial Infarction (MI), and MI + Carvacrol. Carvacrol was administered at a dose of 50 mg/kg for 
six weeks. The induction of MI was performed during the last 2 days of carvacrol administration by administering 
100 mg/kg isoproterenol subcutaneously. At the end of the experiment, blood pressure, biomarkers such as troponin 
T, BNP, GDF-15, and IL-6 were measured, and cardiac tissue was histopathologically examined.

Results  The results show that in the MI group, troponin T, BNP, IL-6 and GDF-15 levels were increased, while diastolic 
blood pressure and heart rate were decreased. In the carvacrol-treated group, troponin T, BNP, IL-6 and GDF-15 
levels were decreased. Carvacrol did not significantly affect systolic, diastolic, mean arterial pressure, or heart rate in 
experimental groups. Moreover, carvacrol decreased necrosis, edema, and mononuclear cell infiltration in the heart 
tissue, which were increased due to MI.

Conclusion  In conclusion, carvacrol demonstrated protective effects against myocardial infarction. Carvacrol 
alleviated histopathological damage by reducing inflammatory biomarkers. In addition to carvacrol improved 
troponin T and BNP markers.These findings suggest that carvacrol may be a promising agent in the treatment of 
cardiovascular diseases. However, more comprehensive and long-term studies are needed to confirm this effect and 
transfer it to clinical applications. 
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Introduction
Cardiovascular diseases generally refer to heart and 
blood vessel disorders, including coronary heart disease, 
cerebrovascular diseases, and other vascular disorders, 
encompassing a wide spectrum of clinical presentations 
ranging from common ischemic conditions to rare con-
genital syndromes such as Timothy syndrome [1]. Four 
out of every five deaths related to cardiovascular dis-
eases are caused by heart attacks and strokes [2]. Isch-
emic heart disease was identified as the leading cause of 
death worldwide in a systematic analysis conducted in 
2010 [3]. Molecules that neutralize free radicals formed 
in tissues are believed to be beneficial in the treatment 
of various pathologies, and this idea has paved the way 
for the development of drug candidates aimed at com-
bating oxidative-mediated tissue damage [4]. A recent 
clinical study highlighted the significance of heart failure 
in terms of proteotoxicity and proteinopathy, as well as 
the pathogenic consequences of these conditions. The 
homeostatic balance between the synthesis and degra-
dation of faulty proteins is critical for maintaining the 
health of dynamically active cardiomyocytes [5]. There-
fore, the accumulation of reducing molecules can lead 
to reductive stress, which causes endoplasmic reticulum 
dysfunction and proteotoxicity [5, 6]. Similarly, reactive 
oxygen species (ROS), which induce oxidative stress, are 
involved not only in the pathological roles of heart dis-
eases but also in physiological functions that regulate the 
survival and death of cardiomyocytes [7, 8].

Carvacrol (CAR), a monoterpenic phenol predomi-
nantly found in the essential oils of various species in the 
Labiatae family, such as Origanum, Satureja, Thymbra, 
Thymus, and Corydothymus, has been used as a flavor-
ing agent in food for centuries [9]. Previous studies have 
shown that CAR supports cyclooxygenase inhibition [10]. 
Additionally, carvacrol is responsible for a wide range of 
biological activities, including antimicrobial, antitumor, 
antimutagenic, antigenotoxic, analgesic, antispasmodic, 
anti-inflammatory, angiogenic, antiparasitic, antiplatelet, 
acetylcholinesterase inhibition, insecticidal, antihepato-
toxic, and hepatoprotective effects [11]. The biological 
activities of carvacrol may potentially influence patholog-
ical processes in myocardial infarction, which are associ-
ated with important molecules such as IL-6 and GDF-15.

Growth differentiation factor 15 (GDF-15) is a mem-
ber of the transforming growth factor-β superfamily 
and is widely present in most organs at low concentra-
tions [12] and its regulatory pathways, particularly those 
involving TGF-β signaling, have been implicated in car-
diac remodeling and fibroblast activation [13]. While 
physiological GDF-15 concentrations increase with age, 
its expression is elevated in pathological conditions such 
as inflammation, oxidative stress, and hypoxia [14]. In 

cardiomyocytes, as in other cell types, GDF-15 is also 
found at very low levels [15].

IL-6 is produced by a variety of cell types and medi-
ates numerous pathophysiological functions. In vascular 
biology, IL-6 is typically secreted by macrophages, mono-
cytes, as well as fibroblasts and endothelial cells, follow-
ing IL-1 stimulation, and is involved in atherothrombosis 
[16, 17]. It has long been recognized that inflammation 
plays a critical role in heart failure, similar to its role in 
systemic atherosclerosis [18].

The aim of this study is to investigate the cardioprotec-
tive effects of long-term carvacrol administration in an 
isoproterenol-induced myocardial infarction model in 
rats. In our study, we aimed to evaluate whether carva-
crol has a protective potential against the development 
and progression of this pathological condition, both at 
the biochemical and histopathological levels.

Materials and methods
This study was conducted at the Animal Research Center 
of Kırşehir Ahi Evran University. Prior to the experimen-
tal procedures, approval was obtained from the Kırşehir 
Ahi Evran University Local Ethics Committee for Animal 
Experiments (Aproval number:2024-08-06). The experi-
ments were carried out in accordance with international 
guidelines for the use of laboratory animals. A total of 28 
male Wistar albino rats were used in the study. Before 
and during the experiment, all animals were housed 
under a 12-hour light and 12-hour dark cycle in rooms 
with a constant temperature of 22–24  °C. The animals 
were fed with pellet chow and provided with tap water, 
and there were no restrictions on their food or water 
intake.

In our study, four groups were established, each con-
sisting of 7 rats. The groups were as follows:

Control group (CONTROL, n = 7)  Rats in this group 
were provided with standard rat chow and tap water for 6 
weeks. No other interventions were performed.

Carvacrol Group (CAR n = 7)  Rats in this group received 
standard rat chow and tap water for 6 weeks. Addition-
ally, 50 mg/kg carvacrol (Lot:) was administered via oral 
gavage throughout the experiment.

Myocardial Infarction Group (MI n = 7)  Rats in this 
group were fed standard rat chow and tap water for 6 
weeks. To induce myocardial infarction, rats were admin-
istered 100  mg/kg isoproterenol (Lot: 4122564, Merck, 
Germany) subcutaneously for the last 2 days of the study.

MI + Carvacrol Group (MI + CAR, n = 7)  Rats in this 
group received standard rat chow and tap water for 6 
weeks. They were administered 50  mg/kg carvacrol via 



Page 3 of 12Koçak et al. BMC Pharmacology and Toxicology          (2025) 26:132 

oral gavage throughout the experiment. In the last 2 
days, myocardial infarction was induced by subcutane-
ous injection of 100 mg/kg isoproterenol (Lot: 4122564, 
Merck, Germany).

Carvacrol application
Different doses of carvacrol have been reported in vari-
ous studies, including 5, 10, 15, 25, 50, and 100  mg/kg 
[19–21]. In our study, we administered carvacrol at a 
dose of 50 mg/kg orally (via gavage) for 6 weeks [19, 22].

Myocardial infarction induction
Isoproterenol at a dose of 100  mg/kg was administered 
subcutaneously to rats for 2 days to induce myocardial 
infarction [19, 23] after 6 weeks of carvacrol applica-
tion. At the end of the experiment, rats were anesthetized 
intraperitoneally with sodium thiopental at a dose of 
50  mg/kg. Under thiopental anesthesia, a thoracotomy 
was performed, followed by blood collection from the 
heart, and the animals were sacrificed. After this proce-
dure, the heart tissue of the rats was quickly collected for 
histological analysis.

Blood pressure Measurement
To confirm myocardial infacrtion, blood pressures were 
measured before and after the experiment using tail cuff 
plethysmography (MAY NIBP250, Turkey).All animals 
were placed in a restrainer for 20 minutes, cuffs were 
applied to their tails, and blood pressures were recorded.
For each animal, a total of five measurements were taken 
at 1 minute intervals. The highest and lowest measure-
ments were excluded, and the avaregae of the remaining 
three measurements was used to obtain systolic pressure, 
diastolis pressure, heart rate and mean arterial pressure 
data. Mean arterial pressure: Diastolic pressure+ (Systolic 
pressure- Diastolic pressure) /3. The formula used to cal-
culate them mean arterial pressure. 

Serum and heart tissue analysis
The blood collected in tubes was allowed to stand uprigt 
for 40 minutes and then centrifuged at 3000 rpm for 10 
minutes. After centrifugation,serum was obtained and 
the Troponin T (Finetest Lot No: ER1396) and BNP 
(Finetest Lot No: ER0775) levels were measured using 
the ELISA method. The heart tissue was also analyzed 
for GDF-15 (Lot No: 202310, Sunred) and IL-6 (Lot No: 
202310 Sunred) levels using the ELISA kit method.

Enzyme-Linked immunosorbent assay (ELISA) procedures 
for serum and cardiac tissue samples
In this study, ELISA analyses were performed to quan-
tify specific inflammatory and stress-related biomarkers 
in rat cardiac tissue samples. Two commercial ELISA 
kits provided by SunRed Biotechnology were utilized 

according to the manufacturers’ instructions. The IL-6 
(Interleukin-6) levels were measured using a rat-specific 
ELISA kit (SunRed, Catalog No: 201-11-0136), which 
has a sensitivity of 1.822 pg/ml and a dynamic range of 
2–600 pg/ml. The GDF15 (Growth Differentiation Factor 
15) concentrations were assessed using another rat-spe-
cific ELISA kit from the same supplier (Catalog No: 201-
11-0551), with a sensitivity of 4.556 pg/ml and a range 
of 5–1000 pg/ml. Tissue samples were prepared at a 1:9 
dilution ratio (i.e., 0.1 g of tissue was homogenized with 
0.9 ml of 140 mmol/L potassium chloride (KCl) buffer). 
Following homogenization, the samples were centrifuged 
at 7000 rpm for 5 min at 4 °C. The resulting supernatant 
was collected and used for ELISA measurements. All 
absorbance readings were conducted using a BIO-TEK 
EL X 800 microplate reader, and washing steps were per-
formed with a BIO-TEK EL X 50 automated strip washer 
[24]. Serum was obtained and the Troponin-T (Finetest 
Lot no: ER1396) and BNP (Finetest ER0775) levels were 
also measured using the ELISA method [25].

Histopathological evaluation
At the end of the experiment, tissue samples were col-
lected and fixed in 10% formaldehyde. The heart tissue 
was then rinsed under tap water and placed through 
increasing grades of alcohol. Blocks were formed by 
embedding them in paraffin after clearing with xylol. 
Iron-Hematoxylin were used to stain 5-µm sections, 
which were passed through an increasing alcohol series, 
xylol, and a coverslip before being evaluated under a 
light microscope (Nikon Eclipse Si, Tokyo, Japan). In this 
study, heart tissue was evaluated in terms of necrosis [26, 
27], edema and mononuclear cell infiltration [28]. Heart 
tissue was measured semiquantitatively on a scale of 0 
to 3 (0: None, 1: Mild, 2:moderate, 3: severe) scoring was 
given for each criterion.

Statistical analyses
The results obtained from biochemical and histological 
analyses were evaluated using the GraphPad Prism 9.0 
statistical program. The Shapiro-Wilk test was performed 
to assess the normality of the data distribution. For com-
parisons involving multiple groups, one-way analysis 
of variance (ANOVA) and the Kruskal-Wallis test were 
utilized. Post hoc analyses were conducted using the 
Bonferroni test for ANOVA and the Dunn test for the 
Kruskal-Wallis test, both of which identified significant 
differences among the variables. A p-value below 0.05 
was considered statistically significant for all analyses.

Results
Evaluation of weight changes in groups
The weights of the experimental animals showed a sig-
nificant increase over time; however, no statistically 
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significant differences were found in the comparisons 
between groups. The control group gained 44% of their 
initial weight, the MI group gained 48%, the MI + CAR 
group gained 57%, and the CAR group gained 47% 
(Fig. 1).

Evaluation of systolic blood pressure values
When examining the systolic blood pressure values 
before the treatments, no significant differences were 
observed between the groups. After the treatments, a 
statistically significant difference was observed between 
the control group (129.0 ± 23.32) and the MI group 
(99.10 ± 7.48) (p = 0.013). Additionally, a significant differ-
ence was found between the control group and the CAR 
group (94.93 ± 16.95) (p = 0.004) (Fig. 2).

Evaluation of diastolic blood pressure values
When examining diastolic blood pressures, a statisti-
cally significant difference was found between the control 

group (86.46 ± 16.26) and the MI group (49.18 ± 14.21) 
(p = 0.001). No significant difference was observed 
between the other groups (MI + CAR: 72.07 ± 16.11, CAR: 
62.59 ± 18.43) (Fig. 3).

Evaluation of mean arterial pressure values
A statistically significant difference in mean arte-
rial pressure values was observed between the control 
group (98.53 ± 11.08) and the MI group (74.64 ± 13.36) 
(p = 0.012). No significant difference was found between 
the other groups (MI + CAR: 83.58 ± 14.95, CAR: 
84.00 ± 12.93) (Fig. 4).

Evaluation of heart rate values
When examining heart rate values before the treat-
ments, no significant differences were observed between 
the groups. However, when heart rates were analyzed, 
a statistically significant difference was found between 
the control group (358.8 ± 41.86) and the MI group 

Fig. 2  Evaluation of systolic blood pressures before and after the treatment is shown in the graphs. Data are represented as mean ± standard deviation. 
* < 0.05 ** < 0.01

 

Fig. 1  Weight changes over the weeks in experimental groups
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(244.5 ± 21.26) (p = 0.003), as well as between the control 
group and the MI + CAR group (275.3 ± 76.48) (p = 0.036) 
(Fig. 5).

Evaluation of troponin T in serums
A statistically significant difference in troponin T lev-
els was observed between the control group and the MI 
group (p = 0.002). Additionally, analyses between the 
control group and the CAR group revealed a significant 
difference in troponin T levels (p < 0.001). Finally, a sig-
nificant difference in troponin T levels was found in the 
comparisons between the MI group and the MI + CAR 
group (p < 0.001) (Fig. 6).

Evaluation of serum BNP levels
A statistically significant difference in BNP values was 
found between the control group and the MI group 
(p < 0.001). Additionally, analyses between the control 
group and the CAR group also revealed a significant dif-
ference in BNP values (p < 0.001). Finally, a significant 
difference in BNP values was observed in the compari-
sons between the MI group and the MI + CAR group 
(p < 0.001) (Fig. 7).

Evaluation of IL-6 levels in heart tissues
A statistically significant difference in IL-6 values was 
observed between the control group and the MI group 

Fig. 4  Evaluation of mean arterial pressures before and after the treatment is shown in the graphs. Data are represented as mean ± standard deviation. 
* < 0.05

 

Fig. 3  Evaluation of diastolic blood pressures before and after the treatment is shown in the graphs. Data are represented as mean ± standard deviation. 
** < 0.01
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(p < 0.001). Additionally, analyses between the control 
group and the CAR group revealed a significant dif-
ference in IL-6 values (p = 0.016). Furthermore, a sig-
nificant difference in IL-6 values was found in the 
comparisons between the MI group and the MI + CAR 
group (p = 0.001) (Fig. 8).

Evaluation of GDF-15 levels in heart tissues
A statistically significant difference in GDF-15 values was 
observed between the control group and the MI group 
(p = 0.014). Analyses between the control group and the 
CAR group also revealed a significant difference in GDF-
15 values (p = 0.001). Additionally, a significant difference 
in GDF-15 values was found in the comparisons between 
the MI group and the MI + CAR group (p = 0.022) (Fig. 9).

The heart tissue histopathology results
Figures  10 and 11 demonstrate the results of the İron-
Hematoxylin staining. Heart histology in the control 
(Figure a) and CAR groups (Figure f ) showed a healthy 
architecture. Cardiac myocytes appeared normal with 
their long branched and regular structure. In the center 
of the cells were oval-shaped nuclei. In addition, the cyto-
plasm of the cells included striatation. Discus intercalaris 
appeared to possess a healthy structure. The situation dif-
fered in the MI group. First and foremost, the striatation 
structures of cardiac myocytes were reduced in appear-
ance. The MI group had a significantly higher rate of 
mononuclear cell infiltration compared the control group 
(p < 0.001) (Figure b) (Table 1). In the MI group, myocar-
diocytes increased, resulting in necrosis (p < 0.001) (Fig-
ure c) and increased edema (p < 0.001) (Figure d), as in 
contrast to the control group (Table 1). The treatment of 
carvacrol decreased necrosis and edema in the MI + CAR 

Fig. 6  Evaluation of serum troponin T between groups. Data are represented as mean ± standard deviation. * < 0.05 ** < 0.01 *** < 0.001

 

Fig. 5  Evaluation of heart rate values before and after the treatment is shown in the graphs. Data are represented as mean ± standard deviation. * < 0.05 
** < 0.01
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Fig. 9  Evaluation of heart GDF-15 levels between groups. Data are represented as mean ± standard deviation. * < 0.05 ** < 0.01 *** < 0.001

 

Fig. 8  Evaluation of heart IL-6 levels between groups. Data are represented as mean ± standard deviation. * < 0.05 ** < 0.01 *** < 0.001

 

Fig. 7  Evaluation of serum BNP between groups. Data are represented as mean ± standard deviation. *** < 0.001
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Fig. 11  Light microscopic findings in the rat heart tissue. d: MI group. Yellow arrows: Edema, e: MI + CAR group and f: CAR group. İron Hemotoksilen 
(Nikon Eclipse Si, Tokyo, Japan, X20 and X40)

 

Fig. 10  Light microscopic findings in the rat heart tissue. a: Control group; Blue arrows: Healthy discus intercalaris, Red star: Centrally located and oval 
shaped cell nuclei. b, c: MI groups. Yellow star: Mononuclear cell infiltration. Red arrows: Necrotic myocardial cell. İron- Hematoksilen (Nikon Eclipse Si, 
Tokyo, Japan, X20 and X40)
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group, although these decreases were not statistically 
significant (p > 0.05) (Table  1). After administering car-
vacrol, the MI + CAR group exhibited a statistically 
significant decrease in mononuclear cell infiltration, 
which had increased in the MI group (p < 0.01) (Table 1) 
(Figs. 10, 11 and 12).

Discussion
The presented study assess the protective effects of car-
vacrol against myocardial infarction in terms of cardiac 
biomarkers, hemodynamic parameters, and heart histol-
ogy, thereby elucidating its potential role as a therapeu-
tic agent in the treatment of cardiovascular diseases. The 
biochemical data obtained indicate that carvacrol pro-
vides protective effects against the pathophysiology of 
myocardial infarction by reducing levels of troponin T, 
BNP, IL-6, and GDF-15 in the MI model. Histopathologi-
cal analysis further demonstrates that carvacrol reduces 
necrosis, edema, and mononuclear cell infiltration asso-
ciated with myocardial infarction.

In the isoproterenol-induced myocardial infarction rat 
model, no statistically significant changes in body weight 
were observed when compared to the control group [29]. 
Similarly, in the heart failure model induced by coronary 
artery ligation, no significant differences in body weight 
were noted when compared to the control groups [30]. 
In the present study, no significant difference in weight 

change was observed between the groups despite the 
administration of carvacrol. This result suggests that the 
effect of carvacrol on the overall body weight of rats may 
be minimal or negligible. Additionally, this may indicate 
that the impact of carvacrol on metabolic processes does 
not translate to changes in body weight, or that its effects 
may need to be assessed over a longer duration or using 
different parameters.

In acute myocardial infarction, low diastolic blood 
pressure and mean arterial pressure are among the key 
factors that exacerbate myocardial ischemia due to insuf-
ficient perfusion [31]. Additionally, changes in heart rate 
are considered a response of the autonomic nervous sys-
tem. The disruption of sympathovagal balance after MI 
is directly related to heart rate changes, and a decrease 
in heart rate is observed due to the loss of vagal tone in 
response to increased sympathetic activity [32]. This 
imbalance in autonomic nervous system regulation may 
contribute to ventricular arrhythmias and increase the 
risk of sudden cardiac death [33]. In a study conducted on 
hypertensive rats, the group treated with carvacrol exhib-
ited a reduction in blood pressure, a decrease in athero-
genic indices, and improvements in the lipid parameters 
assessed [34]. It has been shown that carvacrol provides 
cardioprotective effects against myocardial ischemia/
reperfusion injury by attenuating ST segment eleva-
tion on the electrocardiogram and, in a dose-dependent 

Table 1  Heart tissue Histoscore statistics. the Shapiro-Wilk test was used to evaluate non-normal data distribution Med.(min-max): 
the quartile value range is shown inside the lines of brackets, whereas the median value is outside. Med: median, Min-max: Minimum-
maximum
Heart Histoscore Control MI MI + CAR CAR p-value
Necrosis 0,000 (0,000–1,000) 3,000 (2,000–3,000) 1,000 (0,000–2,000) 0,000 (0,000–1,000) <,001
Edema 0,000 (0,000–1,000) 3,000 (1,000–3,000) 1,000 (0,000–2,000) 0,000 (0,000–1,000) <,001
Mononuclear cell infiltration 0,000 (0,000–1,000) 3,000 (2,000–3,000) 0,500 (0,000–2,000) 0,000 (0,000–1,000) <,001

Fig. 12  Histopathological findings of rat heart tissue. Graph exhibiting necrosis, edema, and mononuclear cell infiltration in experimental groups. Data 
were presented as mean ± standard deviation and median (min-max).; p < 0.05, *; p < 0.01, *; p < 0.001
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manner, reducing infarct size [34]. Our findings are con-
sistent with the literature, as changes in blood pressure 
parameters were observed as a result of the cardiotoxic 
effects of isoproterenol. In our study, the administration 
of carvacrol did not significantly alter the hemodynamic 
parameters associated with MI.

Troponin T is one of the most reliable biomarkers for 
the clinical diagnosis of myocardial infarction, serving as 
a specific protein marker released into circulation due to 
cardiomyocyte damage [35]. Brain Natriuretic Peptide 
(BNP), on the other hand, is a hormone secreted from 
ventricular myocytes during cardiac loading and stress, 
and is a key indicator, particularly for detecting left ven-
tricular dysfunction following MI [36]. In MI studies con-
ducted in rats, it has been observed that the levels of TnT 
and BNP increase compared to the control groups [37, 
38]. A previous study demonstrated that the administra-
tion of different doses of carvacrol in an acute MI model 
resulted in a reduction of TnT levels [37]. In a cardiac 
hypertrophy rat model, carvacrol was shown to decrease 
BNP levels [22]. Consistent with these findings, our study 
also observed a reduction in elevated TnT and BNP levels 
following MI with carvacrol administration. Therefore, 
the attenuation of myocardial damage with carvacrol 
administration indicates a protective effect on cardiac 
cells.

GDF-15 is considered a critical regulator of stress 
responses and inflammation, and serves as a determinant 
biomarker in the prognosis of cardiovascular diseases. 
Recent studies have shown that circulating GDF-15 lev-
els are significantly elevated in patients with acute MI, 
and this elevation is closely associated with inflamma-
tory processes [39, 40]. It has been reported that cultured 
cardiomyocytes exhibit hypertrophic growth along with 
a reduction in apoptosis in response to GDF-15 [41]. 
GDF-15 is thought to exhibit both cardioprotective and 
pro-inflammatory effects; while low levels may support 
cellular repair, excessive production can trigger apoptotic 
processes, thereby exacerbating myocardial damage [42]. 
In this study, it was observed that GDF-15 levels were 
elevated in the group with MI induced by isoproterenol; 
however, treatment with carvacrol significantly reduced 
these levels. Furthermore, a decrease in GDF-15 levels 
was also observed in the group treated with carvacrol 
alone. This suggests that the anti-inflammatory and car-
dioprotective potential of carvacrol may be associated 
with the regulation of GDF-15 levels.

IL-6 is one of the most important mediators of the 
acute phase response and plays a critical role in triggering 
inflammation during the MI process. Studies have shown 
that IL-6, along with TNF-α and IL-1β, exacerbates myo-
cardial inflammation and leads to cardiomyocyte damage 
during MI [43]. Additionally, elevated IL-6 levels have 
been reported to contribute to fibrosis and remodeling 

following MI [44]. In our study, we observed a significant 
increase in IL-6 levels in rats with MI induced by isopro-
terenol; however, treatment with carvacrol significantly 
reduced these levels. This finding suggests that carvacrol 
may exert a protective effect in the MI process by sup-
pressing IL-6-mediated inflammatory responses. Other 
studies investigating the anti-inflammatory effects of car-
vacrol support these findings. It has been reported that 
carvacrol reduces inflammation-induced cardiac dam-
age by inhibiting the production of pro-inflammatory 
cytokines such as IL-6 and TNF-α [45]. In another study, 
elevations in serum levels of LDH, creatinine, TNF-α, 
IL-1β, and IL-6 induced by cecal ligation and puncture 
were completely prevented by carvacrol treatment [46]. 
In light of these findings, it can be suggested that GDF-15 
and IL-6 play critical roles in the inflammatory pathogen-
esis of myocardial infarction and that carvacrol may offer 
a potential cardioprotective strategy capable of slowing 
MI progression and reversing histopathological changes.

In a study using the isoproterenol-induced myocardial 
infarction (MI) model, deterioration in myofibril orga-
nization, necrotic areas, and high neutrophil infiltration 
were observed in heart histology [47]. In another study 
conducted by Rababa’h et al., serious damage to cardio-
myocytes, loss of nuclei, and lymphocytic inflammation 
were noted in isopreterenol- induced MI. However, Orig-
anum majorana L. extract corrected these findings and 
exhibited its protective effect [48]. In our study, carvacrol 
also corrected these histopathological changes and dem-
onstrated its potential effect.

However, this study has some limitations. In our study, 
only specific biomarkers (Troponin T, BNP, GDF-15, 
IL-6) were investigated, and other molecular and cellu-
lar mechanisms that may play a role in the pathogenesis 
of myocardial infarction were not thoroughly examined. 
In addition to oxidative stress, the examination of other 
biological processes such as inflammation, apoptosis, 
and autophagy could have helped us better understand 
the protective effects of carvacrol. Third, the effects of 
carvacrol in our study were evaluated only at a specific 
dose and within a limited time frame. Further research is 
needed to determine the dose-dependent effects of car-
vacrol, the outcomes of long-term use, and its optimal 
dosage.

The findings obtained in this study highlight reveal 
the therapeutic potential of carvacrol on biochemi-
cal and histopathological indicators of cardiac dam-
age after MI. Increased cardiac stress and inflammation 
markers such as troponin T, BNP, IL-6 and GDF-15, as 
well as decreased diastolic blood pressure and heart rate 
observed in the MI group indicate cardiovascular dys-
function. Carvacrol treatment attenuated the inflamma-
tory response by significantly reducing the levels of these 
biomarkers and promoted tissue healing by reducing 
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necrosis, oedema and mononuclear cell infiltration in 
cardiac tissue. However, carvacrol had no significant 
effect on systemic haemodynamic parameters. These 
results suggest that carvacrol may have protective effects 
on cardiac tissue after MI and may be a supportive treat-
ment option targeting inflammation.
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