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ABSTRACT

Objective: To explore the therapeutic efficacy of L-carvone from
Mentha spicata L. leaf extracts against isoproterenol-induced cardiac
hypertrophy in rats.

Methods: Isoproterenol (5 mg/kg) was injected intraperitoneally
into rats for one month to induce cardiac hypertrophy. L-carvone
(25 and 100 mg/kg) was administered orally to treat cardiac
hypertrophy. The cardioprotective activity of L-carvone was
evaluated by electrocardiogram, histopathological analysis as well as
determination of biochemical parameters and enzymatic markers.
Results: L-carvone from Mentha spicata L. at 25 and 100 mg/kg
ameliorated isoproterenol-induced cardiac hypertrophy, as evidenced
by reduced QRS interval on electrocardiogram, and decreased
heart weight and heart index. In addition, both doses of L-carvone
markedly lowered the levels of glucose, total protein, low-density
lipoprotein cholesterol, aspartate transaminase, alanine transaminase,
lactate dehydrogenase, creatine kinase MB, troponin- [ , N-terminal
pro-B type natriuretic peptide and triglycerides while increasing
high-density lipoprotein cholesterol and lipase level (P<0.05).
Moreover, L-carvone alleviated contraction band necrosis, and
reorganized the myofibrils with normal striations and myocytes
as well as normal nuclei in cardiac histoarchitecture of rats with
isoproterenol-induced cardiac hypertrophy.

Conclusions: L-carvone from Mentha spicata L. leaf extract can
restore abnormal cardiac function and may be further explored
as a therapeutic agent against the deleterious effects of cardiac

hypertrophy after further evaluation.
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1. Introduction

The number of cardiac deaths was 0.07 million by 2020. In the
United States, the estimated direct cost of cardiovascular diseases
(CVDs) rose from $103.5 billion in 1996-1997 to $226.2 billion
in 2017-2018([1]. All mortality causes are independently associated
with left ventricular hypertrophy(2]. Cardiovascular hypertrophy is a
cellular response to the rise in biomechanical stress and is a versatile
reaction to the tension or volume stress, and transformations of
sarcomere and other proteins, causing loss of contractile mass due
to localized necrosis. Many types of cardiac illness, including valve
dysfunction, ischemia sickness, heart failure, and hypertension, are

associated with hypertrophic expansion. Pressure overload-incited
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concentric hypertrophy plays a compensating effect in certain
cardiac diseases by lowering wall stress and oxygen utilization.
Simultaneously, ventricular hypertrophy is the cause of expanded
danger of harmful arrhythmia and cardiovascular breakdown]3].
A B-adrenergic receptor (B-AR) agonist isoproterenol produces
concomitant activation of B-AR causing cardiac hypertrophy in
animal models. The plant kingdom offers huge benefits for human
beings and other living things on the earth. Several medicinal
plant treatments have restorative effects on certain cardiac enzyme
activities[4]. Generally, Mentha spicata (M. spicata) L. contains vital
components. The major monoterpenoid found in M. spicata L. was
L-carvone which is involved in reduction of the above risk factors
and helps to secrete insulin[5]. Hence, this study aimed to evaluate
the effect of L-carvone, an active compound of M. spicata L. on

isoproterenol-induced cardiac hypertrophy.

2. Materials and methods

2.1. Chemicals and kits

Drugs and chemicals purchased from Hi-Media Laboratories,
India were of analytical grade. Isoproterenol was purchased from
Sigma-Aldrich. All kits used in the study were bought from Arkray
Healthcare Pvt, Ltd., India.

2.2. Extraction of L—carvone

M. spicata L. leaves were shade dried and powdered coarsely.
Powdered sample was dissolved in a hydroethanolic solution
(50:50) and kept in a rotatory shaker for 72 h. After 72 h, the whole
leaf extract was obtained by condensation method using hot water
bath. Later, L-carvone was fractioned from M. spicata L. leaf crude
extract by adsorption column chromatographyiél. Eluate fractions
numbering 3-9 were pooled together and concentrated by hot water
bath condensation process, dispensed in a hydroethanolic solution

(50:50) and stored in a refrigerator for further treatment.

FTIR spectra were recorded on an FTIR spectroscope (Shimadzu,
Japan), with a scan range from 400 to 4000 cm™' with a resolution of
4 cm™' using ethanol as a solvent. FTIR spectra were obtained from
the research center of Avinashilingam Institute for Home Science

and Higher Education for Women, Coimbatore, India.

2.3. Animals

Male albino Wistar rats (150-250 g) were procured from animal house
of PSG Institute of Medical Sciences and Research Coimbatore, India
and subjected to the laboratory conditions of 25°C, a 12/12 h light-
dark cycle, with 50%-60% relative humidity, and had free access
to normal chow and water for one week before the experiments.
The experimental protocols were carried out in accordance with
the guidelines of the Committee for the Purpose of Control and
Supervision of Experiments on Animals, New Delhi, India for the

care of laboratory animals.

2.3.1. Induction and treatment of experimental rats

Rats were separated into four groups of six animals in each group.
Treatment was given for 30 d. Group [ received a regular chow diet
and served as the normal control group. Group II as the negative
control was administered with isoproterenol [5 mg/kg body weight
(b.w.)] intraperitoneally suspended in saline[7]. Isoproterenol-induced
rats in group [II and IV were orally treated with a hydro-ethanolic
solution of L-carvone (25 and 100 mg/kg b.w.), respectivelys].

2.3.2. Blood sampling and tissue collection
Rats were fasted before drawing the blood for blood sampling and

tissue collection. After the experimental treatment at the end of 30 d,
rats were sacrificed under anesthesia. By cardiac puncture method,
the blood was collected and let stand for 30 min at room temperature
and centrifuged at 5000 rpm at 4°C for 20 min to obtain the serum.
Separated plasma or serum was stored at —20°C in microcentrifuge
tubes for further work. Subsequently, the heart was excised and fixed
in 10% neutral buffered formalin for histopathological study.

Table 1. FTIR frequency values and functional groups of isolated terpene compound L-carvone.

Compounds Frequency (cm™)  Reference frequency ~ Functional —Intensity

(cm™) group
Alkyl 2924.09 2925 C-H Medium to strong
Aromatic 1435.04 1450 C=C Weak to strong
Aromatic nitro compounds 1365.60 1350 N-O Medium
Aromatic ethers 1242.16 1220-1260 C-O0 Medium
Esters 1141.86 1100-1300 C-O Two bands (distinct from ketones, which do not possess a C-O bond)
Secondary alcohols 1111.00 ~1100 C-O0 Strong
Primary alcohols 1056.99 1040-1 060 C-0 Strong & broad
Alkene 964.41 965 C-H Strong
Aromatic benzene 894.97 860-900 C-H Strong
Aromatic benzene 802.39 800-860 C-H Strong
Aromatic benzene 702.09 700-750 C-H Strong
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2.3.3. Electrocardiographic (ECG) analysis of cardiac
hypertrophy

In unanesthetized rats, ECG analysis was performed using BlTalino
ECG Sensor equipment for 8 min to monitor the cardiac functions
after 4 weeks at the conventional bipolar limb lead II, via Open
Signals [r]evolution software. The changes in pulse/heart rate (HR)

QRS complex, R-amplitude, and R-R interval were recorded.

2.3.4. Indices of cardiac hypertrophy
Cardiac hypertrophy was assessed using the hypertrophic indices

including heart weight (HW), body weight (BW), heart index (HW/
BWx100) and heart weight/tibial length (HW/TL)[9].

2.3.5. Biochemical analysis
Serum glucose was assayed by using glucose oxidase method

(AUTOSPAN Liquid Gold Glucose Kit). Modified Biuret End
Point Assay (AUTOSPAN Liquid Gold Total Protein Kit) was
used for determination of serum total protein. In addition, serum
albumin was measured using Bromocresol green end point assay
method (AUTOSPAN Liquid Gold Albumin Kit), cholesterol by
CHOD-PAP enzymatic end point assay (AUTOSPAN Liquid Gold
Cholesterol Kit), triglycerides by GPO-PAP enzymatic end point
assay (AUTOSPAN Liquid Gold Triglyceride Kit), high-density
lipoprotein cholesterol (HDL-C) by accelerator selective detergent
enzymatic end point assay (AUTOSPAN Liquid Gold Direct HDL
Cholesterol Kit), low-density lipoprotein cholesterol (LDL-C) and
very low-density lipoprotein cholesterol (VLDL-C) by Friedewald
equation, aspartate transaminase (AST) by modified UV (IFCC)
kinetic assay method (AUTOSPAN Liquid Gold AST Kit), alanine
transaminase (ALT) by modified UV (IFCC) kinetic assay method
(AUTOSPAN Liquid Gold ALT Kit), and lactate dehydrogenase
(LDH) activity by optimized DGKC kinetic assay method
(AUTOSPAN Liquid Gold LDH Kit), creatine kinase MB (CKMB),
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troponin- [ , and N-terminal pro-B type natriuretic peptide (NT-pro
BNP) by Acculite CLIA test kit method, followed by estimations of
serum phospholipids[10], lipase[11], and calcium([12], as well as tissue

pyruvate[13] and lactate[14].

2.3.6. Histopathological analysis

Storage of excised heart was done in 10% formalin and then
in paraffin, and the tissues were cut into 5 pm thin sections.
Haematoxylin and eosin (H & E) were used to stain these sections.
Later, all slides were evaluated for heart architecture under x40

magnification.

2.4. Statistical analysis

Results were expressed as mean+tstandard deviation (SD). ANOVA
and least significant difference (LSD) test[10] were used to analyze
the significant difference between the groups using SPSS Statistics
23.0 software (SPSS Inc., USA). P-values less than 0.05 were

considered significantly different.

2.5. Ethical statement
The study was approved by Institutional Animal Ethics Committee,

(SCEA/NO.520/TAEC/2021) PSG Institute of Medical Sciences and

Research Coimbatore, India.

3. Results

3.1. FTIR spectrum of L—carvone

Figure 1 shows the characteristic spectrum of L-carvone by FTIR

spectroscopy. The compounds and their peaks are reported in Table
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Figure 1. FTIR spectrum of isolated terpenoid compound /-carvone.
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1. The results showed the presence of functional groups in L-carvone
such as alkyl compound (2924.09 cm '), aromatic compounds
(1435.04 cm™"), aromatic ethers (1242.16 cm™"), secondary alcohols
(1111.00 cm™"), and aromatic benzene (802.39 cm "), confirming that

the isolated L-carvone was similar to standard L-carvone compound.

3.2. ECG analysts

As shown in Figure 2, the prolonged QRS interval, depressed S-T
wave, and long PR interval accompanied by long QT interval and
increased R-R interval were observed in rats with isoproterenol-
induced cardiac hypertrophy. Treatment with L-carvone abolished
all these typical characteristic ECG changes, indicating the

cardioprotective activity of L-carvone.

3.3. Effect of L-carvone on indices of cardiac hypertrophy
As shown in Table 2, compared to the normal control group, the

isoproterenol group showed significantly increased indices of cardiac
hypertrophy including heart index and HW/TL ratio (P<0.05).

Table 2. Effect of /-carvone on indices of cardiac hypertrophy.

L-carvone at a high dose significantly lowered the isoproterenol-

induced indices of cardiac hypertrophy (P<0.05).

3.4. Effect of L—carvone on serum glucose, total protein, and

albumin levels

Isoproterenol administration significantly increased the levels
of serum glucose and total protein compared to the control group
(P<0.05). Treatment with low and high doses of L-carvone reduced
the increased levels of glucose and total protein to normal levels as
indicated in Table 3 (P<0.05). Furthermore, isoproterenol reduced
the level of serum albumin, which was increased by treatment with

L-carvone with no significant difference (Table 3).

3.5. Effect of L—carvone on serum lipid profile

Lipid parameters including serum total cholesterol, triglycerides, and
phospholipids were increased significantly in isoproterenol-induced
cardiac hypertrophy groups. In contrast, L-carvone significantly

decreased these parameters to near-normal levels (P<0.05) (Table 3). In

Indices Control Isoproterenol L-carvone (25 mg/kg) L-carvone (100 mg/kg)
Body weight (g) 203.33 +5.77 200.00 + 17.32 193.33 + 11.55 213.33 +15.28
Heart weight (mg) 870.00 + 26.46 1146.67+72.34° 990.00 =+ 88.88" 1026.67 +23.09™
Heart index 406.94 + 18.29 531.85+20.53" 475.64 £ 46.75 428.33 +24.66"
Heart weight/tibial length 48.72 +0.86 56.44 +1.28 56.02 +1.58" 50.55+0.56"

All values are expressed as mean+SD (»=3) and analyzed by ANOVA followed by LSD test. ~ denotes P<0.05 compared with the normal control group while * denotes

P<0.05 compared with the isoproterenol group.

Table 3. Effect of -carvone on biochemical parameters in rats with isoproterenol-induced cardiac hypertrophy.

Parameters Control Isoproterenol L-carvone (25 mg/kg) L-carvone (100 mg/kg)
Serum glucose (mg/dL) 89.09 + 1.13 155.82+1.45 142.40 +0.93" 105.38 +£0.14™
Serum total protein (g/dL) 2.37+0.02 452+0.11 2.77+0.04™ 2.72+0.04"
Serum albumin (g/dL) 2.20+0.06 1.87+0.05 2.09+0.04 2.12+0.10
Serum cholesterol (mg/dL) 75.04 £ 6.06 11323 +4.75 75.66 + 5.80° 65.99 £8.19°
Serum triglycerides (mg/dL) 137.78 +7.70 197.78 +10.18" 188.89 +3.85™ 157.78 +3.85"
Serum phospholipids (mg/dL) 173.33£5.77 20333 +11.55 19833 +10.41° 181.67 + 12.58"
Serum HDL-C (mg/dL) 24.01 +3.11 13.46 +0.50° 20.28 + 1.62" 2042 +1.75"
Serum LDL-C (mg/dL) 19.20 + 1.11 2039+ 127 11.85+0.19™ 13.56 +0.23"
Serum VLDL-C (mg/dL) 27.11+0.20 49.78 +1.82° 36.00 + 0.35™ 30.67+0.11°"
Serum AST (IU/L) 57.68+5.71 89.77 +6.30" 75.99 +1.94 70.15 +3.69™
Serum ALT (IU/L) 64.37 £2.55 89.44 +0.99" 69.55+0.83™ 65.69 £ 1.69
Serum LDH (IU/L) 38.88 + 1.13 49.68 +1.57 4232+1.16° 37.42+1.09™
Serum lipase (TU/L) 27.19+0.10 20.83 +£0.35 21.41 +0.44" 26.04+0.17"
Serum CKMB (IU/L) 269.83 £0.76 340.33+£0.57 300.00 +0.20 297.03 +0.25™
Serum troponin- [ (pg/mL) 38.60 +0.27 47.13+0.35 42.13+0.357 36.40 = 0.40"
Serum NT-pro BNP (pg/uL) 3899.73 £ 0.64 5200.00 + 0.70" 4399.67+0.29" 3699.67+0.31"
Serum calcium (mg/dL) 10.40 £ 0.35 23.00 £2.25 1643 +0.98" 14.17+1.70"
Tissue pyruvate (mg/100 g) 0.59 + 0.00 0.92+0.03 0.69 +0.04"™ 0.45+0.01"
Tissue lactate (mg/100 g) 5.47+0.23 6.25+0.18 6.04+0.31" 5.24 +0.45"

All values are expressed as mean = SD (n=3) and analyzed by ANOVA followed by LSD test. ~ denotes P<0.05 compared with the normal control group while

* denotes P<0.05 compared with the isoproterenol group. HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; VLDL-C:

very low-density lipoprotein cholesterol; AST: aspartate transaminase; ALT: alanine transaminase; LDH: lactate dehydrogenase; CKMB: creatine kinase MB;

NT-pro BNP: N-terminal pro-B type natriuretic peptide.



Anti-hypertrophic activity of L-carvone 21

addition, HDL-C was significantly reduced in the isoproterenol group,
which was restored to normal levels after treatment with L-carvone
as shown in Table 3, whereas LDL-C and VLDL-C levels that were
significantly elevated by isoproterenol administration were significantly
decreased after treatment with Z-carvone (P<0.05).

3.6. Effect of L-carvone on cardiac enzymes

According to Table 3, the activities of AST, ALT, LDH, CKMB,
troponin- [ , and NT-proBNP were significantly increased in the
isoproterenol group (P<0.05). L-carvone treatment prominently
reduced these enzyme activities (P<0.05). In addition, isoproterenol
administration decreased serum lipase level compared to the normal
control group. Treatment with Z-carvone could abrogate the reducing

effect of isoproterenol on lipase level.
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3.7. Effect of L—carvone on serum calcium as well as tissue

pyruvate and lactate levels

As shown in Table 3, isoproterenol resulted in a significant increase
in serum calcium, as well as tissue pyruvate and lactate levels.
Treatment with low and high doses of L-carvone decreased these
levels significantly (P<0.05).

3.8. Histopathological examination

H&E-stained heart tissues are represented in Figure 3. The
isoproterenol group demonstrated separation of cardiac myofibrils,
and lack of intact cardiomyocyte array that was represented by
distorted striations. In contrast, treatment with 25 mg/kg of L-carvone

resulted in mild to moderate rejuvenation of contraction band
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Figure 2. Graphical representation of the real time ECG tracings showing the effect of L-carvone from Mentha spicata L. leaf extracts. (A) The normal control
group: normal QRS interval, R-R interval and S-T wave; (B) the isoproterenol group: increased QRS interval and R-R interval and depressed S-T wave; (C)
the group treated with 25 mg/kg of L-carvone: restored QRS interval, R-R interval and S-T wave; (D) the group treated with 100 mg/kg of L-carvone: restored
QRS interval, R-R interval and S-T wave.

B

Figure 3. Histopathological analysis of heart tissues in isoproterenol administered rats treated with /-carvone. (A) The sections from the heart of the normal
control group show normal contraction band (yellow arrow), organization of the myofibrils with normal striations and myocytes (red arrow), as well as normal
nuclei (circle). (B) The isoproterenol group shows contraction band necrosis (yellow arrow), disorganization of the myofibrils with loss of striations, focal
degenerating myocytes (red arrow), as well as loss of nuclei (circle). (C) The group treated with 25 mg/kg of L-carvone shows mild to moderate repairment of
contraction band necrosis (yellow arrow), reorganization of the myofibrils with normal striations and myocytes (red arrow) as well as normal nuclei (circle).
(D) The group treated with 100 mg/kg of L-carvone shows alleviated contraction band necrosis (yellow arrow), reorganization of the myofibrils with normal
striations and myocytes (red arrow) as well as normal nuclei (circle) (scale bar=50 um, H&E x40).
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necrosis as well as reorganized myofibrils with normal striations and
myocytes. Moreover, 100 mg/kg of L-carvone improved the cardiac
tissue architecture similar to normal cardiac tissues via alleviation of
contraction band necrosis, and reorganization of normal striations in

myofibrils and normal nuclei in myocytes.

4. Discussion

M. spicata L. and its key phytoconstituent /-carvone are reported
to reduce the risk factors including diabetic complications[9.15],
oxidative stress|15], hyperlipidemial16], and hypertension[17], which
can further lead to cardiac hypertrophy. However, their therapeutic
activity as an anti-hypertrophic agent has not been known so far.

For evaluating heart function, ECG has been used[9]. According
to the findings, ECG wave patterns illustrate isoproterenol-induced
changes such as increased QRS, R-R, and long QT intervals.
Improved ECG was noticed after treatment with L-carvone. Similar
ECG tracings with altered wave patterns were reported earlier{18].
These alterations were induced by myocardial fibrosis, which may
be the cause of ischemia. They are signs of poor atrioventricular
conduction, extended ventricular repolarization, and arrhythmias
with lowered heart rate (bpm). In contrast, the groups receiving
L-carvone reversed isoproterenol-induced these modifications.
The morphometric parameters are the key predictors of the cardiac
hypertrophy phenotype, which is characterized by myocardial
fibrosis and a net increase in protein production[19]. In our study, the
isoproterenol-administered rats had increased heart index and HW/
TL ratio, both of which were reduced after treatment with L-carvone.

When isoproterenol is administered, insulin production is
inhibited|20], which causes hyperglycemia and additional energy
demands on the cardiovascular system|21], and exacerbates
ventricular hypertrophy by affecting structural and functional
alterations in cardiac myocytes. These alterations were abrogated
by L-carvone that regulated the activities of key enzymes
involved in carbohydrate metabolism in diabetic rats induced by
streptozotocin[15]. Additionally, chronic administration (85 mg/kg
b.w.) of isoproterenol for 30 d induced cardiac hypertrophy in rats,
and elevated serum total protein level and total protein content of
the heart were reported[19] due to an increase in protein synthesis.
L-carvone lowered the level of total protein, which was similar to
the findings of Muruganathan et @l.[15] in which oral treatment of
carvone lowered elevated HbAlc levels while improving glycemic
control, resulting in reduced protein glycation.

According to the findings, isoproterenol is the strongest binding
partner of serum albumin (in a non-saturable manner), which
causes adverse myocardial damage due to the decreased antioxidant
potential of albumin[19] and is therefore thought to be a high-
risk factor for cardiac hypertrophy, particularly in the case of left

ventricular hypertrophy[22]. According to the study of Lasrado et
al.[23], dry spearmint (M. spicata L.) extract has the potential to
elevate the reduced albumin levels and the same result was seen
in our study. Meeran et al. pointed out that lipid accretion in the
bloodstream is a significant risk factor for myocardial infarction|24].
This could be induced by the quick free fatty acid mobilization from
fat reserves, which is linked to cardiac deterioration. Additionally,
one of the main causes of the elevated myocardial cholesterol
level in isoproterenol-induced myocardial damage is accelerated
lipid production. In this way, after treatment with L-carvone in
isoproterenol-administered rats, lipid accumulation was totally
reverted which may be by regulating insulin-induced genes as
seen similarly in the study of Muruganathan et al[15]. Maintenance
of cholesterol balance is vital in preventing CVDs[24]. The
progression of CVDs is due to cholesterol accumulation triggered
by atherogenesis. In the present study, L-carvone treatment lowered
the increased level of cholesterol induced by isoproterenol. This
may be due to the intervention of carvone in cyclic adenosine
monophosphate (cCAMP) pathway as mentioned in the study of
Kang et al[25]. Furthermore, the expressions of genes involved in
lipid production and transport in the liver viz., PPARy, SCD1, CD36
were found to be decreased by the action of carvone as reported
by Alsanea and Liu[26]. A key strategy for preventing myocardial
infarction is to keep cellular cholesterol in a stable state. Cholesterol
content of the myocardium is increased in isoproterenol-administered
rats as a result of increased uptake of LDL-C from the blood by
the myocardial membranes. L-carvone treartment reversed these
changes, similar to the findings of Zein et a/[16]. Their study reported
an increase in the level of the protein INSIG (insulin-induced
gene) regulates the expression of sterol regulatory element-bound
proteins, which regulates the LDL receptors expression, allowing the
hepatocyte to remove cholesterol from LDL particles. Increased free
cholesterol in the myocardium affects ionic permeability, membrane
fluidity and the activities of membrane-bound enzymes that promote
breakdown of phospholipids[27]. Thus, in isoproterenol-treated rats,
cholesterol and phospholipid levels were increased and treatment
with L-carvone significantly reduced the levels of cholesterol and
phospholipid.

The increased triglyceride levels during myocardial infarction
due to an increased fatty acid flow and ineffective removal of
plasma VLDL from circulation|28], may be caused by a reduction
in FFA oxidation. This may result in myocardial damage because
reduced cardiac function causes irregular heartbeats and a loss of
heart function synergy[24]. In line with a recent study[16] which
revealed that the carvone group decreased the lipid profile further
than the diabetic hyperlipidemic group. In this study, L-carvone
had lower levels of cholesterol, triglycerides, and LDL-C levels.
Thus, our results are consistent with a previous research showing

that carvone prevents weight gain and fat deposition in the liver(26].
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Low HDL-C levels and high blood cholesterol levels, especially
LDL and VLDL-C, are significant risk factors for the development
of CVDs|[29]. Inhibiting the absorption of LDL by the artery wall
and facilitating the transport of cholesterol to the liver, where it
is processed and expelled from the body, are two of HDL-C’s
active roles in the reverse transport of cholesterol(30]. According to
our research, L-carvone treatment lowered the risk of myocardial
infarction by reducing the total cholesterol/HDL-C ratio in
isoproterenol-induced myocardial infarction, as demonstrated by
its efficiency in controlling the insulin-induced genes in diabetes-
induced myocardial infarction[16]. Sasikumar and Devi[31] pointed
out the possible pf-adrenergic-induced stimulation of cAMP. This
may bring positive inotrophic and chronotropic effects on the
myocardium, resulting in regulation of lipid metabolism.

According to the findings of the present study, chronic isoproterenol
administration causes cellular stress and necrosis in myocytes and
other organs as well as elevated blood AST and ALT levels|32].
In streptozotocin induced diabetic rats[15] and rats with nicotine-
induced liver toxicity[30], increased LDH levels were reversed after
treatment with M. spicata L. Similar to these studies, in our study,
L-carvone treatment ameliorated the increased serum LDH levels.
Both reversible and irreversible ischemia is associated with cardiac
troponin and NT-pro BNP[33]. We may understand that L-carvone
prevented the leakage of cardiac enzymes (specific markers), and
recovered myocardial tissues by preventing the myocardium’s
excessive workload because of its potent membrane-stabilizing
properties. It has also been suggested that -carvone may restore
lipase secretion in cardiac cells by increasing lipolysis metabolism.

A previous study[34] showed that the intracellular lipid deposition
may act as a substrate for lipid peroxidation, and the byproducts can
degrade intracellular proteins and compromise the integrity of the
biomembranes which impair ion transport. Intra and intercellular
calcium (Ca™) play a very vital role in cardiac hypertrophy35] which
may be controlled by carvone treatment as seen in the work of
Lasrado et al[23]. Isoproterenol injection decreased myocardial Ca*
levels with a concominat increase in the serum. [-carvone treatment
lowered the increased Ca®' levels to normal levels, similar to the
report of Lasrado et al[23]. Besides, L-carvone reduced Ca*' entry
through L-type Ca’* channels and showed promising antiarrhythmic
activity in the rat hearts[36].

Previous studies have suggested that ventricular hypertrophy and
hypoxia cause elevated lactate levels[37]. In this study, isoproterenol
significantly increased lactate levels in rats. L-carvone treatment can
reverse this change. In histological study, myocardial degeneration
was found in isoproterenol-treated rats, along with myocyte necrosis,
apoptosis, and changed cell membranes, most likely due to altered
glucose and lipid metabolisms[38-40]. Inflammation and interstitial

fibrogenesis are the results of increased reactive oxygen species,

which in turn stimulate signaling networks linked to the deposition
of extracellular matrix protein (ideally collagen). The histological
indicators of cardiac hypertrophy are related to the adverse
oedematous intramuscular space and necrosis of cardiac myofibrils
which is followed by inflammatory cell invasion of injured tissues.
L-carvone treatment could ameliorate these histological changes.
Muruganathan et al.[15] proved that the histopathological impairment
and degenerative changes in the liver and pancreas observed in
hyperglycemia were ameliorated after treatment with carvone
in streptozotocin-induced diabetic rats. Dry spearmint extract in
both in vitro and in vivo studies of Lasrado et al.[23] showed better
results in various organs. Similarly, better results were seen in the
histopathological appearance of the pancreas of the alloxan-induced
diabetic hyperlipidemic rats[16]. M. spicata L. aqueous extract
showed prominent improvement in hepatic histoarchitecture in
nicotine-induced liver toxicity{30].

The study has some limitations. The anti-hypertrophic potential
of L-carvone from M. spicata L. leaves was evaluated only after
a month-long treatment. Hence, periodic studies with in-depth
parameters are recommended for understanding the pathophysiology
of cardiac hypertrophy more clearly.

In conclusion, the biochemical and physiological investigations
prove the cardioprotective effects of L-carvone against isoproterenol-
induced cardiac hypertrophy in rats through regulatory effects on
glucose, protein, lipid profiles, and cardiac markers, which are
the key fundamental elements for normal cardiac metabolism.
Antihyperlipidemic or hypolipidemic capabilities of L-carvone
are thought to be the cause of its protective effects on lipids and
lipoproteins. The ECG and histopathological outcomes further
corroborate the favorable cardioprotective effect of L-carvone.
Overall, L-carvone may be further explored as a possible option for
the treatment of cardiac hypertrophy and its complications. Further
studies are needed to understand the underlying mechanisms of the

cardioprotective action of L-carvone.
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