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Objectives: Maslinic acid (MA), a natural compound widely distributed in many fruits and vegetables
exhibited vast biological properties. Myocardial infarction (MI) is the most common cause of cardiovas-
cular diseases morbidity and mortality. In this study cardioprotection of MA against isoprenaline (ISO)
induced biochemical and histopathological alterations have been evaluated.
Methods: Rats were pretreated with MA (15 mg/kg) for 7 days and MI was induced with administration
of ISO (85 mg/kg) on 8th and 9th days. Gallic acid (15 mg/kg) was used as positive control. Blood and
heart were collected on 10th day from sacrificed rats and subjected to biochemical and histopathological
analysis.
Results: ISO administration significantly increased the enzymes creatine kinase-MB, lactate dehydroge-
nase, and alkaline phosphatase in serum whereas significantly decreased the marker enzymes in heart
homogenate. ISO administration significantly increased the electrolytes sodium and calcium whereas sig-
nificantly decreased potassium in heart homogenate. ISO showed a significant decrease in membrane
bound adenosine triphosphatase (ATPase) enzymes sodium/potassium, calcium and magnesium
ATPase in heart homogenate. ISO also significantly decreased the antioxidants reduced glutathione, glu-
tathione S-transferase and glutathione peroxidase in heart homogenate. Furthermore, pretreatment of
MA and GA reduced the effect of ISO significantly on all parameters studied. Furthermore, the cardiopro-
tection of MA was also supported by histopathology.
Conclusions: This is the first report revealed that MA attenuates ISO-induced cardiac toxicity by amelio-
rating biochemical parameters such as cardiac marker enzymes, electrolytes, membrane bound ATPases
and increased the antioxidants. The possible cardioprotective mechanism is due to the stabilization of
myocardial membrane and antioxidant activity of MA.
� 2019 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction mortality worldwide (Prince et al., 2008). MI also familiar as heart
Cardiovascular diseases (CVD) are the world’s leading cause of
death. Among CVD, Myocardial infarction (MI) is a major cause of
attack occurs due to the insufficient coronary blood supply by
myocardial oxygen demand, which results to the myocardial
necrosis. Hypertension, diabetes mellitus and oxidative stress are
the prime risk factors of MI (Khader et al., 2003). Therefore, it is
rationale to search for drugs with antihypertensive, antidiabetic
and antioxidant properties for the prevention of MI. Hence, the
current study planned to investigate the cardioprotection of MA
in Isoprenaline (ISO) attenuated myocardial infarcted rats.

ISO is a synthetic catecholamine acts as a beta-adrenergic agonist
that causes molecular and pathological changes in animal heart,
which are similar to human MI (Nirmala and Puvanakrishnan,
1996). Hence, ISO administered MI is considered as a standardized
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model in the discovery of cardioprotective drugs. Several mecha-
nisms have been proposed by which ISO causes MI. ISO undergoes
autoxidation, generating reactive oxygen species or oxygen free rad-
icals that alter the levels of antioxidants and causesMI (Rona, 1985).

Modern drugs are effective in the control of CVD, but due to
their side effects those drugs utilization is limited. So, there is an
urgent need for the discovery of natural phytochemicals as these
drugs have no toxic side reactions. Maslinic acid (MA) compound
belongs to pentacyclic triterpenes group which has widely dis-
tributed in many fruits and vegetables like olive (Guillen et al.,
2009) and basil (Guinda et al., 2010). MA exhibited various benefi-
cial effects such as antihyperlipidemic (Jun et al., 2007), antihyper-
glycemic, antidiabetic (Tang et al., 2008), antioxidant (Montilla
et al., 2003), anticancer (Reyes-Zurita et al., 2011), anti-
inflammatory (Aladedunye et al., 2008), hepatoprotective (Sheng-
lei et al., 2014) activities. MA resembles the structural similarity
with oleanolic acid, which has been proved as cardioprotective in
ISO-induced cardiotoxicity in rats (Senthil et al., 2007). In our pre-
vious preliminary study, we reported the cardioprotective activity
of MA on paraoxonase enzyme in ISO administered myocardial
necrotic rats (Shaik et al., 2012). In continuation of our research,
the present study has been planned to evaluate the cardioprotec-
tive effect of MA on membrane ATPase enzymes, antioxidants
and electrolytes in ISO administered MI.

2. Material and methods

2.1. Animals

Rats (Male Albino Wistar) of weighing 130–170 g were housed
in cages on a light–dark schedule (12/12 h). The animals were
accustomed to the local conditions for one week. Animals were
provided with standard pellet diet along with water ad libitum.
The animal experiments were approved (Registration number
470/01/a/CPCSEA) by the institutional animal ethical committee
of S.K. University, India.

2.2. Chemicals & reagents

MA was purchased from Cayman chemicals company, United
States of America. ISO was obtained from Sigma chemical com-
pany, United States of America. Gallic acid (GA) was procured from
SRL Pvt. Ltd., India. Other reagents in this study used were of ana-
lytical grade.

2.3. Experimental design

MA dose was fixed by preliminary dose-dependent test. Two
doses of MA such as 7.5 and 15 mg/kg were screened in ISO admin-
istered animals. The dose 15 mg/kg of MAwas effective in lowering
the increased levels of serum cardiac marker enzymes. Hence the
higher dose 15 mg/kg of MA was selected in the present study.
GA was used as positive control. The animals were categorized into
5 groups with 8 in each group.

1. Control animals
2. MA (15 mg/kg) treated animals
3. ISO (85 mg/kg) treated animals
4. MA (15 mg/kg) pretreated animals + ISO
5. GA (15 mg/kg) pretreated animals + ISO

Sodium carboxymethyl cellulose (0.5%) was used to dissolve
MA and saline was used to dissolve GA. The compounds were trea-
ted to the animals for 7 days by oral gavage. Distilled water was
used to dissolve ISO and subcutaneously injected to the rats for
two consecutive days. Rats were sacrificed on 10th day by cervical
dislocation. Immediately blood was obtained from heart then
serum was separated. After procuring the blood, heart homogenate
was prepared. The homogenate centrifuged and supernatant col-
lected. The supernatant and serum samples were used for analysis.

2.4. Biochemical assays

Creatine kinase-MB (CK-MB), lactate dehydrogenase (LDH) and
alkaline phosphatase (ALP) in serum and heart homogenate were
assayed by using diagnostic kits. Sodium and potassium, and cal-
cium electrolytes in heart homogenate were estimated by the
method of Trinder (1951), Tietz (1995) respectively. Sodium/Potas-
sium (Na+/K+), Calcium (Ca2+) and Magnesium (Mg2+) ATPase
enzymes in heart homogenate were analyzed as described by
Bonting (1970), Hjerton and Pan (1983), and Ohnishi et al. (1982)
respectively. The antioxidants reduced glutathione (GSH),
glutathione-S-transferase (GST) and glutathione peroxidase (GPx)
in heart homogenate were determined by the method of Ellman
(1959), Habig et al. (1974) and Rotruck et al. (1973) respectively.
The protein concentration was analyzed as described by Lowry
et al. (1951).

2.5. Histopathology of heart

Formalin (10%) was used for the fixation of heart tissues from
all the groups. The samples were processed and paraffin wax was
used for embedding. Hematoxylin and eosin stain was applied on
5 mm sized sections then screened light microscopic analysis.

2.6. Statistical study

Data was statistically analyzed by using one way analysis of
variance and Duncan’s multiple range test. Result considered sta-
tistical significant at p < 0.05.

3. Results

3.1. Effects of MA on cardiac markers

Table 1 illustrates the effects of MA on the levels of marker
enzymes CK-MB, LDH and ALP in serum and heart of control and
ISO groups. ISO treatment significantly (P < 0.05) elevated the
levels of marker enzymes in serum whereas significantly
(P < 0.05) reduced the levels of these enzymes in heart homogenate
when compared to control rats. The levels of CK-MB, LDH and ALP
were decreased significantly (P < 0.05) in serum whereas increased
significantly (P < 0.05) in heart homogenate with MA (15 mg/kg)
and GA (15 mg/kg) pretreatment when compared to ISO group.
Treatment with MA (15 mg/kg) alone did not show significant
(P < 0.05) change on cardiac markers.

3.2. Effects of MA on electrolytes

Table 2 explains the effects of MA on the levels of myocardial
electrolytes in control and ISO groups. ISO administration signifi-
cantly (p < 0.05) increased the electrolytes sodium and calcium,
and significantly (p < 0.05) decreased potassium with compared
to control group. Animals pretreated with MA (15 mg/kg) showed
significant (p < 0.05) decrease in the levels of sodium and calcium,
and significant increase in potassium levels when compared to ISO
administered group. GA (15 mg/kg) pretreatment also showed sig-
nificant (p < 0.05) decrease in sodium and calcium, and significant
increase in potassium levels when compared to ISO treated rats.
MA (15 mg/kg) pretreatment in ISO treated rats significantly
(p < 0.05) increased the levels of potassium to near normal. Alone



Table 1
Effects of maslinic acid (MA) on cardiac marker enzymes in serum and heart Values are mean ± S.D. (n = eight rats). Values not shared a common superscript (a, b, c and d) differ
significantly from each other (p<0.05, Duncan’s multiple range test).

Groups CK-MB (U/L) LDH (U/L) ALP (U/L)

Serum Heart Serum Heart Serum Heart

Control 327.4 ± 26.4a 294.7 ± 6.5a 814.7 ± 11.8a 1980.5 ± 16.4a 168.8 ± 15.1a 160.9 ± 2.7a

MA (15 mg/Kg bw) 320.9 ± 9.1a 298.4 ± 4.4a 800.5 ± 19.4a 1985.1 ± 29. 8a 161.6 ± 13.5a 163.4 ± 2.9a

ISO (85 mg/Kg bw) 625.0 ± 16.1b 156.5 ± 5.3b 1634.2 ± 35.5b 1259.7 ± 46.9b 286.5 ± 25.3b 90.2 ± 1.2b

MA (15 mg/Kg bw) + ISO 373.6 ± 12.8c 259.8 ± 4.8c 892.8 ± 17.2c 1879.1 ± 21.7c 184.4 ± 22.6a 146.9 ± 3.2c

GA (15 mg/Kg bw) + ISO 400.0 ± 13.1d 235.9 ± 4.0d 963.5 ± 29.4d 1736.9 ± 24.5d 209.4 ± 17.1c 131.8 ± 4.2d

Table 2
Effects of maslinic acid (MA) on electrolytes in heart. Values are mean ± S.D. (n = eight
rats). Values not shared a common superscript (a, b, c and d) differ significantly from
each other (p<0.05, Duncan’s multiple range test). * Group differ significantly with MA
(15mg/Kg) treated group.

Groups Na+ (nmol/mg
protein)

K+ (nmol/mg
protein)

Ca2+ (nmol/mg
protein)

Control 4.8 ± 0.3a 6.0 ± 0.3a 7.6 ± 0.3a

MA (15 mg/Kg bw) 4.7 ± 0.3a 6.1 ± 0.1a 7.5 ± 0.1a

ISO (85 mg/Kg bw) 7.8 ± 0.4b 3.7 ± 0.4b 10.9 ± 0.6b

MA (15 mg/Kg bw) + ISO 5.5 ± 0.2c 5.6 ± 0.3a* 8.5 ± 0.5c

GA (15 mg/Kg bw) + ISO 6.4 ± 0.1d 5.0 ± 0.1c 8.9 ± 0.1c
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treatment of MA (15 mg/kg) did not show significant (P < 0.05)
effect on the levels of electrolytes.

3.3. Effects of MA on membrane ATPases

Fig. 1 depicts the effects of MA on heart membrane bound
transport enzymes of control and experimental rats. Na+/K+

ATPase, Ca2+ ATPase and Mg2+ ATPase activities significantly
(p < 0.05) decreased in the myocardial homogenate of ISO adminis-
tered group when compared with the control group. MA (15 mg/
kg) pretreatment to ISO treated rats exhibited significant
(p < 0.05) increase and GA (15 mg/kg) pretreatment also signifi-
cantly (p < 0.05) increase in the activities of Na+/K+ ATPase, Ca2+

ATPase and Mg2+ ATPase enzymes when compared to ISO alone
administered rats. Pretreatment with MA (15 mg/kg) in ISO admin-
istered group significantly (p < 0.05) increased the activity of Na+/
K+ ATPase and Ca2+ ATPase enzymes to near normal. Alone treat-
ment of MA (15 mg/kg) did not show significant (P < 0.05) change
on the activities of any ATPase enzymes.

3.4. Effects of MA on antioxidants

The data presented in Figs. 2–4 represent the effects of MA on
antioxidants in control and ISO heart homogenate of rats. The con-
Fig. 1. Effects of MA on membrane bound ATPases in heart. Values are mean ± S.D. (n =
from each other (p<0.05, Duncan’s multiple range test). * Group not significantly differs w
Kg) treated group. # Group not significantly differs with MA (15mg/Kg) + ISO treated gr
tent of GSH along with the activities of GST and GPx were lowered
significantly (P < 0.05) in ISO administered group when compared
to control group. MA (15 mg/kg) pretreatment significantly
(P < 0.05) increased the level of GSH and the activities of these
antioxidant enzymes and the data of GA (15 mg/kg) is reversed
with compared to ISO treated rats. Significant (P < 0.05) alterations
not observed in any antioxidants when treated with MA (15 mg/
kg) alone.

3.5. Effects of MA on histopathology of heart tissue

Fig. 5 demonstrates the effects of MA on the histopathological
changes of control and ISO administered heart tissues. Fig. 5A
reveals the normal architecture of control heart group. Fig. 5C rep-
resents the ISO treated group shows the infarction of cardiac fibers
with infiltrated inflammatory cells and edema. MA (15 mg/kg)
+ ISO administered group represents mild edema without necrosis.
The fiber of myocardium represents normal architecture (Fig. 5D).
In GA (15 mg/kg) treated group there was minimal edema and
myonecrosis with less inflammatory cells (Fig. 5E). Alone treat-
ment of MA (15 mg/kg) did not alter histopathology in heart tissue
(Fig. 5B).

4. Discussion

In our present investigation, we studied the cardioprotective
effective of MA on ISO administered cardio-toxicity in rats. Our
results reveal the evidence that MA offers significant cardioprotec-
tion on ISO-induced biochemical changes such as cardiac marker
enzymes, electrolytes, membrane bound ATPases, and non-
enzymatic and enzymatic antioxidants in myocardium.

ISO administration induces myocardial necrosis resulting in
altered cell membrane integrity and enhanced cell membrane per-
meability, which causes the leakage of marker enzymes from heart
into the blood (Derbali et al., 2015). In this study, the myocardial
enzymes CK-MB, LDH and ALP were abundantly increased in serum
and decreased in the heart of ISO administered rats. Pretreatment
eight rats). Values not shared a common superscript (a, b and c) differ significantly
ith MA (15mg/Kg) + ISO treated group. $Group significantly differs with MA (15mg/
oup.



Fig. 2. Effects of MA on GSH in heart. Values are mean ± S.D. (n = eight rats). Values
not shared a common superscript (a, b, c and d) differ significantly from each other
(p<0.05, Duncan’s multiple range test).

Fig. 3. Effects of MA on GST in heart. Values are mean ± S.D. (n = eight rats). Values
not shared a common superscript (a, b and c) differ significantly from each other
(p<0.05, Duncan’s multiple range test).

Fig. 4. Effects of MA on GPx in heart. Values are mean ± S.D. (n = eight rats). Values
not shared a common superscript (a, b, c and d) differ significantly from each other
(p<0.05, Duncan’s multiple range test).

Fig. 5. Effects of MA on histopathology of heart (H&E, 10x). A) Control, B) MA
(15 mg/kg) treated, C) ISO (85 mg/kg) administered, D) MA (15 mg/kg) pretreated
+ ISO (85 mg/kg) administered, E) GA (15 mg/kg) pretreated + ISO (85 mg/kg)
administered.
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with MA drastically reversed the toxic effects of ISO and restored
all the marker enzymes. This protection of MA may be due to the
preservation of myocardial membrane integrity and prevention
of the cardiac enzymes leakage into the blood circulation. This
report is in accordance with the previous reports (Asaikumar
et al., 2019).

Extensive literature survey divulged that limited research work
has been accomplished on electrolytes in relation with ISO-
induced MI. Hence, this study focused to analyze the role of ISO
on electrolytes and ATPases. ATPases are the membrane bound
enzymes that participate in the transportation of electrolytes such
as Na+, K+, Ca2+ and Mg2+. Electrolytes imbalance may play a crucial
role in metabolic disorders of heart. In the current investigation
ISO administered rats showed decreased levels of Na+/K+, Ca2+
and Mg2+ ATPases. Inactivation of ATPases is due to the oxidation
of –SH groups present in the active sites of protein, which leads
to the conformational changes of these enzymes (Jayachandran
et al., 2009). ISO treated rats also showed increased concentrations
of Na+ and Ca2+ along with decreased concentration of K+ which
might be due to the altered activities of membrane associated
ATPase enzymes as a result of ISO accelerated lipid peroxidation.
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Treatment with MA increased the activities of ATPases and amelio-
rated the levels of electrolytes in ISO treated rats, which may be
accredited to the direct antioxidant activity of MA. The protective
effect of MAmight be due to the prevention of –SH group oxidation
by blocking the peroxidation of membrane lipids, which denotes
the membrane stability action of MA. These results are in accor-
dance with earlier results (Khan et al., 2018).

Antioxidants such as GSH, GST and GPx comprise the primary
defense system, and scavenge the free radicals. The non-
enzymatic antioxidant GSH involves in the protection of proteins
that contains –SH groups from the injury of free radicals, also
assists as the substrate for the antioxidant enzymes GST and
GPx. ISO treatment in rats decreased in the levels GSH, GST and
GPx in the myocardium. The decrease in antioxidants may be
due to the formation of alkoxy, hydroxyl and superoxide radicals
at the site of injury. MA pretreatment restored all antioxidants in
ISO treated rats, which might be reduced cardiac necrosis caused
by free radicals. The study is in concurrent with previous results
(Yu et al., 2018).

The cardioprotection of MA on ISO administered MI has been
further supported by light microscopic investigation. The
histopathological photomicrograph of ISO treated heart exhibited
severe infarction with edema and more inflammatory cells and
with degenerated myocardial fibers. However, pretreatment with
MA has exhibited resistance towards myocardial injury by reduced
edema and necrosis. MA pretreatment preserved the structural
integrity of myocardium and maintained the normal cardiac fibers
with normal cardiomyocytes morphology. The result is in accor-
dance with previous report (Asaikumar et al., 2019).

5. Conclusion

In conclusion, our study clearly reveals the cardioprotection of
MA against ISO-induced myocardial toxicity in rats. The cardiopro-
tective effect may be attributed to the ability of MA to ameliorate
the cardiac marker enzymes, electrolytes, antioxidants, and to sta-
bilize the membrane bound ATPase enzymes and to preserve the
histo-architecture of heart. Considering all our results together, it
may be recommended that MA could be used as a promising ther-
apeutic cardioprotective compound to treat MI.
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