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ABSTRACT

We evaluated the protective effects of thymol on myocardial membrane destabilization in
isoproterenol (ISO), a synthetic catecholamine triggered cardiotoxicity in rats. Male albino
Wistar rats were pre and co-treated with thymol (7.5 mg/kg) daily for 7 days. ISO (100 mg/kg)
was injected subcutaneously into rats at an interval of 24 h for two days (6th and 7" day) to
induce cardiotoxicity. Significantly increased levels/activity of cardiac troponin-T, lactate
dehydrogenase (LDH) with increased concentrations of heart thiobarbituric acid reactive
substances (TBARS) and decreased concentrations of superoxide dismutase and catalase were
observed in ISO induced cardiotoxic rats. The activity of sodium/potassium-dependent adenosine
triphosphatase (Na'/K'-ATPase) was significantly decreased and the activities of calcium and
magnesium-dependent adenosine triphosphatases (Ca’’-ATPase and Mg>'-ATPase) were
significantly increased in the heart of ISO induced cardiotoxic rats. Furthermore, ISO induced
cardiotoxic rats also revealed decreased concentrations of potassium (K') and increased
concentrations of sodium (Na") and calcium (Ca’") in the heart. Pre and co-treatment with
thymol showed near normalized effects on all the biochemical parameters studied. Also, thymol
greatly reduced myocardial infarct size. Thus, the present study revealed that thymol prevented
the myocardial membrane destabilization in ISO induced cardiotoxic rats by its strong membrane

stabilizing property.

Keywords: Thymol; Isoproterenol; Adenosine triphosphatases; Minerals; Membrane

destabilization; Cardiotoxicity.
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1. Introduction

Cardiovascular diseases (CVDs) have a high prevalence in developing and developed countries
An approach used for inducing cardiotoxicity in animal models is to administer a large dose of
ISO. It is a synthetic catecholamine and a B-adrenergic agonist causes severe stress in the
myocardium, resulting in infarct-like necrosis of the heart muscle [1].

The free radicals produced by ISO could initiate the peroxidation of membrane bound
polyunsaturated fatty acids leading to both functional and structural cardiotoxicity [2]. The
myocardial membrane destabilization in experimental animals by ISO may also due to its action
on the sarcolemmal membrane, stimulation of adenylate cyclase, activation of Na" and Ca®*
channels, exaggregated Ca®" inflow and energy consumption leading to cellular death [3].

ATPases of cardiac cells play a significant role in the contraction and relaxation cycles of
cardiac muscle by maintaining normal ion levels (Na', K" and Ca’") within the myocytes [1].
Alterations in the properties of these ion pumps may affect cardiac function. They act as key
messengers in signal transduction pathways in the heart and hence the regulation of cardiac
contractility and hypertrophy [1]. Cellular injury is associated with alterations in mineral
homeostasis. Thus, these enzymes and minerals play a vital role in the pathology of
cardiotoxicity [4]. These ATPases offer potentially exciting opportunities as new therapeutic
targets for cardiotoxicity and heart failure [5].

Thyme or oregano has been commonly used in foods mainly for the flavor, aroma and
preservation and also in folk medicine since the ancient Greeks, Egyptians and Romans. The
leafy parts of thyme belonging to the Lamiacae family are often added to meat, fish and fish
products and also used as herbal medicinal products [6]. Thyme essential oil and its ingredients

have been shown to exhibit a wide range of biological properties [7].
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Thymol, an another active compound and a dietary monoterpene phenol, which is found
in the oils of thyme and plants such as Thymus vulgaris, Thymbra spicata, Thymus ciliates,
Origanum vulgarae, Trachyspermum ammi species, Monarda fistulosa and Nigella sativa seeds.
Thymol also exhibits antibacterial [8], antifungal [9], anti-inflammatory [10] and radioprotective
activities [11]. Furthermore, it is rapidly absorbed after oral administration in humans and the

maximum plasma concentration is reached after 1.97 h [12].

A preliminary dose dependent study revealed the protective effects of thymol on altered
serum creatine kinase-MB, plasma lipid peroxidation products and plasma non-enzymatic
antioxidants in ISO induced myocardial infarcted Wistar rats [13]. In continuation of our
research on thymol, in this investigation, we evaluated the protective effects of thymol on
myocardial membrane destabilization due to the enhanced lipid peroxidation and changes in the
activities/concentrations of ATPases and minerals in the heart of ISO induced cardiotoxicity in
rats.

2. Materials and Methods

2.1. Drug and Chemicals

Thymol and isoproterenol hydrochloride were purchased from Sigma Chemical Company, St.
Louis, MO. Thiobarbituric acid, xylenol orange, trichloro acetic acid, adenosine triphosphate,
amino napthol sulfonic acid, 2,3,5 triphenyl tetrazolium chloride, hydrochloric acid, magnesium
sulphate, potassium chloride and magnesium chloride were obtained from S.D Fine Chemicals,
Mumbeai, India. All the other chemicals used were of analytical grade.

2.2. Experimental Animals

All the experiments were done with male albino Wistar rats weighing 160-180 g, aged 7-8

weeks old obtained from Central Animal House, Rajah Muthiah Institute of Health Sciences,
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Annamalai University, Tamil Nadu, India. The experiment was carried out according to the
guidelines of the Committee for the Purpose of Control and Supervision of Experiments on
Animals, New Delhi, India. The experimental protocol was approved by the Animal Ethical
Committee of Annamalai University (Proposal No.835; Approval Date: September. 28, 2011).
Rats were housed in polypropylene cages (47 x 34 x 20 cm) lined with husk (replaced every 24
h) in a 12 h light dark cycle at around 22°C. Rats were fed on standard pelleted diet (Pranav Agro
Industries Ltd, Pune, Maharashtra, India) and water ad libitum.

2.3. Induction of cardiotoxicity in Wistar rats

ISO (100 mg/kg body weight) dissolved in saline was subcutaneously injected into rats at an
interval of 24 h for 2 days [14, 15]. ISO induced cardiotoxicity was confirmed by elevated
levels/activity of serum cardiac troponin-T and LDH in rats.

2.4. Experimental design

The animals were grouped into four groups of six rats each. Group I: Normal control rats; Group
II: Rats were orally treated with thymol (7.5 mg/kg body weight) dissolved in 0.5% dimethyl
sulfoxide (DMSO) daily for a period of 7 days by an intragastric tube; Group III: Rats were
subcutaneously injected with ISO (100 mg/kg body weight) at an interval of 24 h for 2 days(6™
and 7" day) to induce cardiotoxicity; Group IV: Rats were orally pre and co-treated with thymol
(7.5 mg/kg body weight) dissolved in 0.5% DMSO daily for a period of 7 days by an intragastric
tube and were subcutaneously injected with ISO at an interval of 24 h for two days (6™ and 7"
day). Normal control rats and ISO control rats were given 0.5% DMSO alone orally daily for a
period of 7 days by an intragastric tube. The dosage (7.5 mg/kg body weight) and duration of pre
and co-treatment of thymol (7 days) was fixed based on our earlier study [13]. Twelve hours

after the second dose of ISO injection (8" day), all the rats were anesthetized and then sacrificed
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by cervical decapitation. For serum, blood was collected in dry tubes without anticoagulant.
Heart tissues were excised immediately and rinsed in ice-chilled saline. Known weights of the
tissues were homogenized in 5.0 ml of 0.1M Tris-HCI buffer (pH-7.4) and used for the various

biochemical estimations. All enzyme assays were done immediately.
2.5. In vivo studies
2.5.1. Estimation of cardiac troponin-T

The level of cardiac troponin-T in the serum was estimated by Chemiluminescence immunoassay

(Roche Diagnostics, Switzerland).

2.5.2. Assay of LDH in the serum

Activity of serum LDH was measured by a standard commercial kit obtained from Agappe
Diagnostics, Kerala, India.

2.5.3. Estimation of heart TBARS

The concentration of TBARS in the heart was estimated by the method of Fraga et al. [16].
2.5.4 Assay of superoxide dismutase and catalase in the heart

The activity of superoxide dismutase and catalase in the heart were assayed according to the

procedures of Kakkar et al. [17] and Sinha [18].

2.5.4. Assay of membrane bound ATPases in the myocardium

The activities of Na'/K" ATPase, Ca’’-ATPase and Mg2+-ATPase were estimated by the

methods of Bonting [19], Hjerten, & Pan [20] and Ohnishi et al. [21] respectively.

2.5.5. Estimation of minerals in the heart
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The concentrations of heart Na" and K' were estimated by commercial kits purchased from
Monozyme India (Secunderabad, India). The concentrations of heart Ca’" were measured by the
O-cresolphthalein complexone method using a reagent kit purchased from Span Diagnostic

(Surat, India).
2.5.6. Determination of size of infarcted myocardium

The 2, 3, 5-triphenyl tetrazolium chloride test (TTC) used for the macroscopic enzyme mapping
assay of the infarcted myocardium was done according to the method of Lie et al. [22]. A freshly
prepared solution of 1% TTC in phosphate buffer was prewarmed at 37-40° C for 30 min in a
darkened glass. To remove the excess blood, the heart tissues were washed rapidly in cold water
without macerating the tissue. After removing epicardial fat, the left ventricle was taken
separately. The heart was transversely cut across the left ventricles to obtain slices not more than
0.1-0.2 mm in thickness. The heart tissue slices were kept in a covered, darkened glass dish
containing prewarmed solution of TTC and the dish was kept in an incubator and heated to 37-40
°C for 45 min. Then the heart slices were turned over thrice and made certain that it remains
fully immersed in the TTC solution. At the end of the incubation period, kept the heart slices in
fixing solution to fix the tissue. Colour photographs of slices were obtained by a camera with
macro lens and the infarct size of the myocardium was quantified by cumulative planimetry

method.
2.5.7. Infarct size assessment by cumulative planimetry

Images were analyzed manually with a computer mouse by a person blinded to the experimental
protocol using public domain image processing software (Image J software). The (sum of the)

infarcted area(s) (IA; ) of an individual slice (i) was measured and divided by the measured total
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area of that slice (TA; ) to obtain the fraction of infarction of the slice. Results from individual (i)
slices of each heart were averaged on the basis of their weight (wt;) to calculate the total
ventricular infarct size, (Infarct size-cumulative planimetry (IS-CP)) for each heart in percent by

using the following formula as described by Reiss et al. [23]

IS-CP (%) = [(IAl/ TA1 X th) + ((IAZ/ TA2 X th) +...t (IAl/ TAI X Wti)]/(th + wtp +....Wt3)

2.6. The in vitro study

2.7. Estimation of protein content in the heart

The protein content in the tissue homogenates were estimated by the method of Lowry et al.
[24].
2.8. Statistical analysis

Statistical analysis was performed by one-way analysis of variance (ANOVA) followed by
Duncan's multiple range test (DMRT) using Statistical Package for the Social Science (SPSS)
software package version 12.00. Results were expressed as mean + Standard deviation (S.D) for
six rats in each group. P values < 0.05 were considered significant.
3. Results

ISO induced cardiotoxic rats (Group-III) showed a significant (P < 0.05) increase in the
levels of serum cardiac troponin —T (2.41 £+ 0.2 ng/ml) compared to normal control rats (0.31 +
0.03 ng/ml) (Group-I). Pre and co-treatment with thymol (7.5 mg/kg body weight) daily for a
period of 7 days near normalized the levels of serum cardiac troponin-T (0.44 £+ 0.03 ng/ml) in
ISO induced cardiotoxic rats (Group-1V) compared to ISO alone induced cardiotoxic rats
(Group-III). Rats treated with thymol (0.28 + 0.03 ng/ml) did not show any significant change in

serum cardiac troponin-T levels (Group-II).
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The rats induced with ISO showed significant (P < 0.05) increase in the activity of serum
LDH when compared to normal control rats. Pre and co-treatment with thymol near normalized
the activity of LDH in the serum of ISO induced cardiotoxic rats compared to ISO alone induced

cardiotoxic rats (Fig. 1).

ISO induced cardiotoxic rats showed significant (P < 0.05) increase in the concentrations
of TBARS in the heart tissue homogenate when compared to normal control rats. Pre and co-
treatment with thymol near normalized the concentrations of TBARS in the heart of ISO induced

cardiotoxic rats when compared to ISO alone induced cardiotoxic rats (Fig. 2).

ISO induced cardiotoxic rats showed significant (P < 0.05) decrease in the activities of
superoxide dismutase and catalase in the heart tissue homogenate when compared to normal
control rats. Pre and co-treatment with thymol near normalized the activities of superoxide
dismutase and catalase in the heart of ISO induced cardiotoxic rats when compared to ISO alone

induced cardiotoxic rats (Fig. 3).

The activity of Na'/K'-ATPase was significantly (P < 0.05) decreased and the activities
of Ca*" -ATPase and Mg*"-ATPase were significantly (P < 0.05) increased in the heart of ISO
induced cardiotoxic rats compared to normal control rats. Pre and co-treatment with thymol
revealed near normalized activities of ATPases in the heart of ISO induced cardiotoxic rats when

compared to ISO alone induced cardiotoxic rats (Fig. 4 and 5).

Fig. 6 illustrates the effect of thymol on the concentrations of minerals such as Na', K"
and Ca”" ions in the heart of normal and ISO induced cardiotoxic rats. ISO induced cardiotoxic
rats showed significant (P < 0.05) increase in the concentrations of Na™ and Ca®" ions with

significant (P < 0.05) decrease in the levels of K" ions in the heart of ISO induced cardiotoxic
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rats when compared to normal control rats. Pre and co-treatment with thymol to ISO induced
cardiotoxic rats near normalized the concentrations of Na*, K and Ca®" in the heart as compared

to ISO alone induced cardiotoxic rats.

The size of the myocardial infarct was determined by TTC test reveals ISO induced
cardiotoxicity in rats. Fig. 7 (A-D) shows the images of heart slices after staining with TTC. Fig.
7A is the TTC stained heart slice of normal rats revealing completely viable tissue without
infarction. Fig. 7B is the heart slice of thymol (7.5 mg/kg body weight) alone treated rat stained
with TTC showing completely viable myocardial tissue without any infarction. Fig. 7C is the
section of heart of ISO (100 mg/kg body weight) induced cardiotoxic rats. Infarcted tissues are
clearly visible and colourless. Infarcted tissues did not stain with TTC because there is leakage of
LDH enzyme from that area. Fig. 7D is the heart slice of rat’s pre and co-treated with thymol
(7.5 mg/kg body weight) induced with ISO and stained with TTC showing greatly reduced
myocardial infarct size. It is clear from fig. 7D that pre and co-treatment with thymol to ISO
induced cardiotoxic rats might have prevented membrane damage caused by ISO, thereby
reducing myocardial infarct size and maintaining the stability of myocardial membrane.

Fig.8 shows the infarct size quantified by cumulative planimetry method by using the
suitable formula given in the methodology. ISO induced cardiotoxic rats (Group-III) showed an
increase in % infarct regions (52%) in cumulative planimetry analysis, while pre and co-
treatment with thymol significantly (P < 0.05) reduced % infarct region (16%) in ISO induced
cardiotoxic rats (Group-1V). Normal control rats (Group-I) and rats treated with thymol (Group-
II) did not reveal any infarct region (0%).

Table 1 represents the effect of thymol on body weight and heart weight of animals in

normal and ISO induced cardiotoxic rats. ISO induced rats showed no significant changes in the
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body weight but revealed considerably increased heart weight. Thymol pre and co-treated
cardiotoxic rats revealed considerable decrease in the heart weight of normal and ISO induced
cardiotoxic rats.

For the all biochemical parameters studied, Thymol (7.5 mg/kg body weight) alone
treated rats (Group-II) did not show any significant effect compared to normal control rats

(Group-I).

4. Discussion

To our best knowledge, this is the first study carried out on the protective effects of thymol on
membrane destabilization in ISO induced cardiotoxic rats. In this study more insight into the
mechanisms of thymol in ISO induced cardiotoxicity was also investigated.

Troponin-T is one of the myocardial tissue specific protein of the troponin regulatory
complex is a highly specific and sensitive marker in the determination of myocardial cell injury.
It is a powerful biomarker in laboratory animals for sensitive and specific detection of cardiac
injury arising from various causes [25]. It is a contractile protein that normally not found in the
serum. It is released only when myocardial necrosis occurs. Elevated cardiac troponin-T levels in
the serum predict the risk of both cardiac death and subsequent infarction. Pre and co-treatment
with thymol (7.5mg/kg body weight) near normalized the levels of cardiac troponin-T in the
serum of ISO induced cardiotoxic rats. This effect could be due to the cardioprotective property
of thymol on myocardium, maintaining membrane stability and integrity thereby restricting the

leakage of cardiac troponin-T into the circulation.

Myocardium contains plentiful concentrations of diagnostic markers of MI and once

metabolically damaged, it releases its contents into the extra cellular fluid [26]. LDH is one of
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the diagnostic markers of myocyte injury or death is found to be increased in the serum of ISO
induced cardiotoxic rats. Due to poor oxygen or glucose supply the myocardial cells are
damaged making the cardiac membrane permeable resulting in the leakage of LDH into the
serum. This might be due to the damage caused to the sarcolemma by the B-adrenergic agonist,
which has rendered it leaky. Pre and co-treatment with thymol near normalized the activities of
LDH in the serum of ISO induced cardiotoxic rats. Thymol due to its potent free radical
scavenging and membrane stabilizing activity defends the myocardium from destruction by

inhibiting LDH enzyme leakage into the circulation in ISO induced cardiotoxic rats.

Lipid peroxidation, a type of oxidative deterioration of polyunsaturated fatty acids has
been linked with altered membrane structure and enzyme inactivation. Increased lipid
peroxidation products in ISO induced cardiotoxic rats appear to be the initial stage to the tissue
making it more susceptible to oxidative damage [27]. Increased free radical production may be
responsible for the observed myocardial membrane destabilization as evidenced by the elevated
lipid peroxidation in terms of TBARS in the heart of ISO induced cardiotoxic rats. Thymol pre
and co-treatment near normalized the concentrations of TBARS in the heart of ISO induced
cardiotoxic rats. Thus, thymol inhibits lipid peroxidation by scavenging excess free radicals
produced by ISO and protects the integrity of myocardial membrane by virtue of its potent free
radical scavenging, anti lipid peroxidative and membrane stabilizing properties.

Superoxide dismutase protects the myocardial cells from oxidative damage by converting
superoxide radicals into hydrogen peroxide, which is further metabolized by catalase to
molecular oxygen and water [28]. The decreased activities of these antioxidant enzymes might
be due to the myocardial cell damage. Superoxide radicals generated at the site of damage,

modulates superoxide dismutase and catalase resulting in the decreased activities of these
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enzymes and accumulation of superoxide anion, which also damages the myocardium [28]. Pre
and co-treatment with thymol near normalized the activities of superoxide dismutase and catalase
by its potent free radical scavenging and antioxidant effects.

Membrane proteins are in general regarded as extremely potent drug targets due to their
role as transporters and mediators in the interaction of cell with the surrounding environment,
between cells and cellular compartments. This role and their highly exposed position in the cell,
renders them of utmost importance in cellular physiology [29].

A significant decreased activity of Na'/K -ATPase and significant increased activities of
Ca®"-ATPase and Mg®-ATPase with altered mineral concentrations in the heart were observed
in ISO induced cardiotoxic rats. Na'/K'-ATPase, a member of P-type ATPase family is involved
in the regulation of cell volume, development of membrane potential, and transport of nutrients
in animal tissues [30]. The Na'/Ca*"-exchanger removes cytosolic Ca*" rapidly in
cardiomyocytes [31]. This can result in disturbances in Ca®" signaling, ventricular performance
and contractility. Decreased activity of Na'/K'-ATPase could be due to enhanced lipid
peroxidation by free radicals on ISO induction, since Na'/K'-ATPase is a thiol group containing
enzyme and is lipid dependent [32]. The myocardial free fatty acids elevation has been
previously reported to result in the inhibition of several enzyme systems non-competitively such
as Na'/K'-ATPase [33]. We have already reported a significant increase in the levels of free fatty
acids due to increased lipolysis in ISO induced cardiotoxic rats [15]. Thus, the elevated levels of
free fatty acids might have resulted in non-competitive inhibition of Na'/K'-ATPase thereby
leading to increased accumulation of Na' ions in ISO induced cardiotoxic rats. It can lead to a
decrease in Na® efflux, thereby altering membrane permeability [34]. Ca*"-ATPase regulates the

Ca*" pump activity [35]. During B-adrenergic stimulation cyclic adenosine monophosphate
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phosphorylates several sites on the C-terminal chains of the Ca®" channel and increases the
probability of the Ca*" channel opening [36]. This is the reason for enhanced activity of Ca®'-
ATPase and increased concentration of Ca®" observed in the myocardial tissue of ISO induced
cardiotoxic rats. Intracellular Ca®" overload can set off a cascade of events that can lead to the
formation of reactive oxygen species, which suggest that reactive oxygen species formation and
calcium surge may be involved in the contractile dysfunction of the ischemic myocardium [37].
Mg**-ATPase is believed to be responsible for the aminophospholipid translocase activity
of the plasma membrane [38], which could affect the activity of membrane Ca*"-ATPase [39].
Also, in a previous report, a decrease in the adenosine triphosphate (ATP) content was observed
during ISO induced cardiotoxic rats [40]. As ATP breaks down, opening of the K* channel is
promoted [41] leading to the decreased concentration of K in the heart tissue. Pre and co-
treatment with thymol near normalized the activities/concentrations of ATPases and minerals in
ISO induced cardiotoxic rats. Restoration of Na'/K'-ATPase activity due to thymol pre and co-
treatment in ISO induced cardiotoxic rats could regulate the intracellular Ca®" concentrations,
thereby protecting the myocardium from excess damage by maintaining the membrane integrity.
The depressed concentrations of Ca*" due to the elevated concentrations of Na* ions during
thymol pre and co-treatment in ISO induced cardiotoxic rats due to the ability of thymol to
protect the thiol groups from the oxidative damage through the inhibition of peroxidation of
membrane lipids. This effect is due to the membrane stabilizing properties of thymol which

might be due to the inhibition of lipid peroxidation in cell membranes.

TTC staining is a well-accepted method to determine myocardial infarct size, which
provides a reliable index of necrosis [42]. Extent of myocardial necrosis is detected by direct

staining with TTC dye, which forms a red formazan precipitate in the presence of LDH, whereas
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the infracted myocardium lack the activity of this enzyme and therefore fails to stain with it.
Area of infarction may relate to LDH leakage and loss of membrane integrity [43]. ISO induced
rat's heart showed increased myocardial infarct size with less TTC absorbing capacity, thus
showing a significant leakage of LDH as compared to normal control rats. Pre and co-treatment
with thymol greatly reduced the myocardial infarct size with increased TTC absorbing
capability, thus indicating a mild leakage of LDH as compared to normal control rats. Thus,
thymol prevented membrane damage and decreased myocardial infarct size and protected the

heart against ISO induced myocardial membrane destabilization in rats.

An increase in the weight of heart observed in ISO induced myocardial infarcted rats
indicates cardiac hypertrophy. The observed excessive heart weight is due to increased water
content, edematous intramuscular space and extensive necrosis of cardiac muscle fibers followed
by invasion of the damaged tissues by inflammatory cells [15]. Pre and co- treatment with
thymol decreased the heart weight and prevented cardiac hypertrophy in ISO induced myocardial
infarcted rats.

5. Conclusions

In conclusion, our in vivo and in vitro findings showed that thymol (7.5 mg/kg body
weight) protected membrane integrity and attenuates myocardial membrane destabilization by
inhibiting cardiac marker enzymes leakage, maintaining lipid peroxidation, antioxidant system
and reinstating the activities/concentrations of ATPases and minerals in ISO induced cardiotoxic
rats, which might be due to its free radical scavenging and membrane stabilizing effects. Thymol
also greatly reduced myocardial infarct size. Thymol (7.5 mg/kg body weight) administration to
normal rats had no effects on the biochemical parameters and myocardial infarct size evaluated.

Furthermore, oral intake of thyme tea and black cumin seeds may be beneficial for the
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prevention of cardiotoxicity. However, clinical trials are necessary to promote the use of thymol

for the prevention of heart ailments in humans.
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Figure Captions and Legends
Fig. 1 Activity of LDH in the serum

Each column is mean £ S.D for six rats in each group; columns not sharing a common symbols

(* and **) differ significantly with each (P < 0.05; DMRT).

Fig. 2 Concentrations of TBARS in the heart

Each column is mean + S.D for six rats in each group; columns not sharing a common symbols

(* and **) differ significantly with each other (P < 0.05; DMRT).

Fig. 3 Activities of superoxide dismutase and catalase in the heart

Units: U/mg protein for superoxide dismutase; pmoles of H,O, consumed/minute/mg protein for
catalase; superoxide dismutase units : One U is defined as the enzyme concentration required
inhibiting the optical density at 560 nm of chromogen production by 50% in one minute.

*CDNB-1,chloro-2,4-dinitrobenzene.

Each column is mean + S.D for six rats in each group; columns not sharing a common symbols

(* and **) differ significantly with each other (P < 0.05; DMRT).

Fig. 4 Activity of Na'/K'-ATPase in the heart

Each column is mean + S.D for six rats in each group; columns not sharing a common symbols

(* and **) differ significantly with each other (P < 0.05; DMRT).

Fig. 5 Activities of Ca’"-ATPase and Mg*"-ATPases in the heart

Each column is mean £ S.D for six rats in each group; columns not sharing a common symbols

(* and **) differ significantly with each other (P < 0.05; DMRT).



RSC Advances Page 22 of 31

22
Fig. 6. Concentrations of Na', K™ and Ca”" ions in the heart

Each column is mean £ S.D for six rats in each group; columns not sharing a common symbols

(* and **) differ significantly with each other (P < 0.05; DMRT).

Fig. 7(A-D). Heart slice images of rats after staining with TTC

Fig. 7A. Heart slice of normal rats stained with TTC revealing completely viable tissue without

any infarction

Fig. 7B. Thymol (7.5 mg/kg body weight) treated rat's heart slice showing completely viable

tissue without any infarction .

Fig. 7C. TTC stained heart slice of ISO induced myocardial infarcted rat's heart showing

infarcted regions

Fig. 7D. TTC stained heart slice of rats pre and co-treated with thymol (7.5 mg/kg body weight)
and then induced with ISO showing much reduced myocardial infarct size compared to figure

7C.

Fig. 8. Quantification of myocardial infarct size by cumulative planimetry.
Each column is mean + S.D for six rats in each group; columns not sharing a common symbols

(* and **) differ significantly with each other (P < 0.05; DMRT).
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ONormal control
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Isoproterenol (100 mg/kg)

B Thymol (7.5 mg/kg)+Isoproterenol (100 mg/kg)
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Fig. 7A Fig. 7B

Fig. 7C Fig.7D
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Table-1: Body weight and heart weight of animals in normal and ISO induced cardiotoxic rats
Normal Thymol ISO Thymol
Groups control (7.5 mg/kg) (100mg/kg) (7.5mg/kg)
+
ISO
(100mg/kg)
Heart weight (mg) 511.1 £50.2 5104 +49.8 | 867.5+81.2" |617.3+60.0°
Body weight (g) 1714 +16.9 1704 +£169 | 171.1 £17.0 | 1723 £17.1

Each value is mean + S.D for six rats in each group; “P<0.05 as compared to normal control

(Group-I), *P<0.05 as compared to ISO control (Group-III) (DMRT).




