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Abstract The trace elements and minerals in Terminalia
pallida fruit ethanolic extract (TpFE) were determined by the
instrument inductively coupled plasma-mass spectrometry
(ICP-MS), and the cardioprotection of TpFE against isoproter-
enol (ISO)-administered rats was studied. Rats were pretreated
with TpFE (100, 300, and 500 mg/kg bw) for 30 days, with
concurrent administration of ISO (85 mg/kg bw) for two con-
secutive days. The levels of trace elements and minerals in
TpFE were below the permitted limits of World Health
Organization standards. ISO administration significantly in-
creased the heart weight and cardiac marker enzymes in serum,
xanthine oxidase, sodium, and calcium in the heart, whereas
significantly decreased body weight, reduced glutathione, glu-
tathione-S-transferase, superoxide dismutase, and potassium in
the heart. Oral pretreatment of TpFE significantly prevented the
ISO-induced alterations. This is the first report that revealed the
determination of trace elements and mineral nutrients of TpFE

by ICP-MS which plays a principal role in the herbal drug
discovery for the treatment of cardiovascular diseases.

Keywords Terminalia pallida fruit . ICP-MS . Trace
elements . Isoproterenol . Myocardial infarction

Introduction

Myocardial infarction (MI) is the death of heart tissue, which
occurs due to the oxygen deficiency that caused by the blood
flow interruption to the myocardium. The main risk
factors responsible for MI are hypercholesterolemia,
hyperlipoproteinemia, diabetes mellitus, high blood pressure,
and smoking [1].

Isoproterenol (ISO) acts as a sympathomimetic agonist on
β-adrenergic receptor that results to injury of the heart tissue
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[2]. ISO generates free radicals that cause irreversible damage
to the myocardium [3] and the generated oxygen-free radicals
involved in the MI [4]. ISO-induced MI is the best existing
experimental model, and the observed variations in animal’s
myocardium are alike to that of human MI [5].

Terminalia pallida (T. pallida) popularly known as
BHarad^ is an endemic tree belongs to the family
Combretaceae. T. pallida fruit has been appreciated as
cardioprotective in the Indian ancient medicinal text
Ayurveda. T. pallida fruit decoction cures diarrhea and mac-
eration of the fruit powder has been used for diabetes treat-
ment [6]. The ethanolic extract of T. pallida fruits (TpFE) has
antibacterial and antifungal [7], antiulcer [8], antioxidant, and
hepatoprotective activities [9].

Due to the increasing industrialization activity along
with the pollution of environment, the determination of
trace elements concentration in natural medicinal plants
is crucial for their safe consumption. Furthermore, min-
eral elements such as macronutrients or micronutrients
that are essential for human health can be harmful when
they exceed their recommended levels in medicinal
plants [10]. Inductively coupled plasma-mass spectrosco-
py (ICP-MS) is a potent instrument to determine the
trace elements and minerals. ICP-MS technique is useful
to analyze the sensitive range of elements from 7 to 250
(Li to U) [11]. The quantification of trace elements and
minerals in medicinal plants for herbal drug quality con-
trol is essential. Hence, in this study, the trace elements
such as lead (Pb), cobalt (Co), cadmium (Cd), barium
(Ba), arsenic (As), and aluminum (Al) and the mineral
elements such as copper (Cu), chromium (Cr), nickel
(Ni), manganese (Mn), iron (Fe), potassium (K), sodium
(Na), calcium (Ca), and magnesium (Mg) were analyzed
by ICP-MS. In our previous study, TpFE has been stan-
dardized by LC-MS for the presence of phenolic com-
pound gallic acid (GA), and has been reported that TpFE
ameliorated myocardial injury by stabilizing the mem-
brane bound ATPase enzymes in the myocardium [12].
The purpose of the present study is to determine the
trace elements and minerals of TpFE by ICP-MS and
to investigate the modulatory role of electrolytes on the
membrane bound ATPases in cardioprotection.

Materials and Methods

Chemicals

Metal standard solutions were supplied from BDH laboratory,
England. Nitric acid and ISO were procured from Sigma-
Aldrich Co., USA. The positive control GAwas obtained from
SRL Pvt. Ltd., India. The rest of all reagents were of analytical
high grade.

Preparation of Extract

The coarse powder of T. pallida fruits was prepared by using
mechanical grinder and extracted with absolute ethanol in
Soxhlet apparatus. Rotary evaporator was used to remove
the solvent. The extract was orally fed to the rats by
suspending in distilled water. Before the experimental study,
the TpFE was analyzed for acute toxicity studies and the mul-
tiple doses such as 100, 300, and 500 mg/kg body weight (bw)
were selected by following OPPTS guidelines (http://www.
epa.gov/oppts/home/guideline.htm). TpFE at the dose of
80 mg/kg bw is recommended as human equivalent dose
which is calculated by following US Food and Drug
Administration (USFDA) guidelines [13]. Extrapolation of
animal dose to humans can be done by applying the formula
from Table 1.

Human Equivalent Dose HED in mg
.
kg bw

� �

¼ Animal Dose 500 mg
.
kg bw

� �
� 0:16

¼ 80 mg
.
kg bw

Table 1 Conversion of animal doses to human equivalent doses (HED)
based on body surface area

Species To convert animal dose in
milligrams per kilogram to dose
in milligrams per square meter,
multiply by km

To convert animal dose
in milligrams per
kilogram to HED in
milligrams per
kilogram, either:

Divide
animal
dose by

Multiply
animal
dose by

Human 37 – –

Child
(20 kg)

25 – –

Mouse 3 12.3 0.08

Hamster 5 7.4 0.13

Rat 6 6.2 0.16

Ferret 7 5.3 0.19

Guinea pig 8 4.6 0.22

Rabbit 12 3.1 0.32

Dog 20 1.8 0.54

Primates:

Monkeys 12 3.1 0.32

Marmoset 6 6.2 0.16

Squirrel
monkey

7 5.3 0.19

Baboon 20 1.8 0.54

Micropig 27 1.4 0.73

Mini-pig 35 1.1 0.95
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Sample Digestion

The digestion of sample was performed on Topwave Analytik
Jena microwave digestion system by following the recom-
mendations of manufacturer. About 300 mg of TpFE was
transferred to a digestion vessel containing 10ml of 65% nitric
acid. The operating conditions ofmicrowave oven are given in
Table 2. The TpFE sample was digested to obtain the clear
solution. The digested samplewas cooled to room temperature
and filtered using Whatman (no. 42) filter paper. The filtrate
was diluted by adding 50 ml of distilled water.

ICP-MS Analysis

The digested sample was used for trace elements and minerals
analysis by using iCAP Q ICP-MS (Thermo Fisher Scientific
Instrument). The instrument was optimized based on the rec-
ommendations of the manufacturer. ICP-MS operating condi-
tions are given in Table 3. The instrument was calibrated by
external calibration using blank and working standards (0.05–
1 μg/ml). A multi-element standard solution with concentra-
tion 10 μg/ml was used. Each sample was analyzed in three
replicates.

Animals

Male albinoWistar strain rats (100–120 g) were used by hous-
ing in polyacrylic cages. The animals were acclimatized in a

well-ventilated animal house for a week and maintained in
standard laboratory conditions by providing with animal diet
and water ad libitum. The animal experimental study use was
approved by Sri Krishnadevaraya University, Institutional
Animal Ethics Committee, India (Reg. No. 470/01/a/
CPCSEA).

Animal Experimental Protocol

Fifty-six rats were equally categorized into seven groups:

Group 1: Control
Group 2: TpFE (500 mg/kg bw)
Group 3: ISO (85 mg/kg bw)
Group 4: TpFE (100 mg/kg bw) + ISO
Group 5: TpFE (300 mg/kg bw) + ISO
Group 6: TpFE (500 mg/kg bw) + ISO
Group 7: GA (15 mg/kg bw) + ISO

The positive control GA (15 mg/kg) was dissolved in sa-
line. Intragastric tube was used for the oral treatment of TpFE
and GA. The rats were administered with distilled water dis-
solved ISO (85 mg/kg) by subcutaneous injection. The rats
were pretreated with TpFE and GA for the period of 30 days.
ISO was administered on the 29th and 30th day, and the ani-
mals were sacrificed by cervical decapitation. Before 12 h of
sacrifice, the rats weremade fasting. Blood was collected from
the heart puncture, and the serum was obtained by centrifuga-
tion at 1000 g for 10 min. The heart was separated then
cleaned with ice cold saline (0.9%), and 0.1M Tris-HCl buffer
was used to prepare heart homogenate. The fresh homogenate
was applied for centrifugation at 3000 rpm for 5 min, and then
the collected clear supernatant was utilized for assays.

Biochemical Analysis

The serum was used to analyze marker enzymes like creatine
kinase (CK), aspartate aminotransferase (AST), alanine ami-
notransferase (ALT), and lactate dehydrogenase (LDH) by
using diagnostic kits. The electrolytes like sodium ion (Na+)
and potassium ion (K+) were measured in the heart by
Monozyme kits, India. The electrolyte calcium ion (Ca2+)
was estimated in the heart homogenate by Span Diagnostics
Reagent Kit, India. Xanthine oxidase (XOD) [14], reduced
glutathione (GSH) [15], glutathione-S-transferase (GST)
[16], and superoxide dismutase (SOD) [17] were analyzed in

Table 3 The operating conditions of ICP-MS

Parameters Condition

RF generator 40 MHz

RF power 1548.6 W

Nebulizer gas flow 0.9 L/min

Cool gas flow 13.84 L/min

Auxiliary gas flow 0.8 L/min

Pirani pressure 1E+2 mbar

Penning pressure 9.549E−8 mbar

Voltage of lens 9.25 V

Voltage of analog stage −1762.5 V
Voltage of pulse stage 1050 V

Sample uptake 30 s

Number of replicates 3

Pump rate 40 rpm

Rinse time 5 s

Table 2 The operating
conditions of microwave oven S. no. Temperature (°C) Pressure (bar) Ramp (min) Time (min) Power (%)

1 160 50 5 10 90

2 190 50 1 5 80
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the heart homogenate. Protein level was measured by Lowry
et al. method [18].

Data Statistical Study

Statistical study of data was carried out by using one-way
analysis of variance (ANOVA), and the values were expressed
as means ± S.D. Mean differences between the groups were
determined by using Duncan’s multiple range test (DMRT).
Statistically, p < 0.05 was considered as significant.

Results

The values of trace elements in TpFE are represented in
Table 4. Cd and Pb concentrations in TpFE were lower than
the admissible levels regulated by the World Health
Organization (WHO), whereas the element As was not detect-
ed in TpFE. Cd was the lowest concentration among all the
analyzed trace elements (0.011 μg/g). There are no standard
WHO recommended values for the heavy metals Ba, Co, and
Al.

The mineral elements such as micronutrients (Cr, Cu, Mn,
and Ni) and macronutrients (Fe, Na, K, Ca, and Mg) in TpFE
are represented in Table 5. The results revealed that the TpFE
contained mineral elements that are necessary for human
health with the concentrations ranging from 2.0 to
3805.0 μg/g. The level of Ni was not detected in TpFE. The
standard international limits are not available for the mineral
elements in herbal drugs.

Figures 1 and 2 represent the effect of TpFE on heart
weight and body weight. ISO-administered rat group exhibit-
ed significantly (p < 0.05) increased the heart weight and
significantly (p < 0.05) decreased body weight as compared
to normal rat group. Oral treatment with TpFE (300 and
500 mg/kg bw) and GA (15 mg/kg bw) to ISO-induced myo-
cardial infracted rat group decreased the heart weight

significantly (p < 0.05) and increased the body weight signif-
icantly (p < 0.05) as compared to ISO-treated rat group. TpFE
at 500 mg/kg bw pretreatment to ISO-administered rats group
significantly (p < 0.05) increased and maintained the body
weight to near normal. TpFE in 100 mg/kg bw did not show
significant effect on both the heart and body weights of exper-
imental rats.

Table 6 shows the effect of TpFE on serum marker en-
zymes CK, LDH, AST, and ALT. The levels of CK, LDH,
AST, and ALT enzymes increased significantly (p < 0.05) in
the serum of ISO administrated rats group as compared with
those of control rats group. Upon pretreatment of rats with GA
(15 mg/kg bw) and TpFE (100, 300, and 500 mg/kg bw) dose-
dependently, the condition was reversed where the levels of
cardiac marker enzymes decreased significantly (p < 0.05) in
ISO-treated rat group when compared with untreated ISO rat
group. TpFE at 100 mg/kg bw did not decrease significantly
(p < 0.05) the activity of the enzyme CK. TpFE pretreatment
at 500 mg/kg bw to ISO-administered rats group significantly
(p < 0.05) increased and maintained LDH at near normal
levels.

Data in Table 7 represents the effect of TpFE on the heart
electrolytes such as sodium, calcium, and potassium. ISO rat
group showed significant (p < 0.05) increase in the levels of
sodium and calcium and significant (p < 0.05) decrease in the
levels of potassium. Pretreatment with TpFE (100, 300, and
500 mg/kg bw) and GA (15 mg/kg bw) significantly
(p < 0.05) restored the altered levels of sodium, potassium,
and calcium in ISO-administered rats when compared to ISO
alone administered rats. TpFE in 100 mg/kg bw decreased the
levels of sodium and calcium, and increased the levels of
potassium but not significantly (p < 0.05). There is no signif-
icant effect on the levels of electrolytes with the treatment of
TpFE in 500 mg/kg bw alone.

Figure 3 depicts the effect of TpFE on the activity of XOD
in normal group and ISO group rats. ISO-administered
cardiotoxicity showed a significant (p < 0.05) increase in the
activity of XODwhen compared to control group. TpFE (100,

Table 5 Mineral elements analysis of TpFE by ICP-MS

S. no. Mineral element Content (μg/g)

1. Chromium (Cr) 2.0

2. Copper (Cu) 11.6

3. Manganese (Mn) 13.9

4. Nickel (Ni) ND

5. Iron (Fe) 287.4

6. Sodium (Na) 40.8

7. Potassium (K) 620.5

8. Calcium (Ca) 3805.0

9. Magnesium (Mg) 747.2

ND not detected

Table 4 Trace elements analysis of TpFE by ICP-MS

S. no. Heavy metal Content (μg/g)

1. Cadmium (Cd) 0.01

2. Lead (Pb) 0.99

3. Arsenic (As) ND

4. Barium (Ba) 12.32

5. Cobalt (Co) 0.91

6. Aluminum (Al) 414.93

7. Beryllium (Be) ND

8. Thallium (TI) ND

Upper limit Cd, 0.3; Pb, 10; As, 5; Ba; Co; and Al (Permissible limits of
trace elements in medicinal plants, micrograms per gram)

ND not detected
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300, and 500 mg/kg bw) dose-dependently decreased the ac-
tivity of XOD. Pretreatment with TpFE in 500 mg/kg bw and
GA in 15 mg/kg bw significantly (p < 0.05) decreased the
activity of XOD and maintained near to normal in ISO-
administered rats when compared to the ISO alone adminis-
tered rats. There is no significant change with treatment of
TpFE (500 mg/kg bw) alone.

Data illustrated in Figs. 4, 5, and 6 show the effect of TpFE on
antioxidants in the heart of control and experimental rats. A
significant (p < 0.05) decrease is observed in the level of GSH
and the activity of GSH dependent enzyme GST in the heart
tissue. Further a significant (p < 0.05) decrease is observed in
the activity of antiperoxidative enzyme SOD in the myocardium
of ISO-treated group when compared to control group. GA
(15 mg/kg bw) and TpFE (100, 300, and 500 mg/kg bw) dose-
dependent pretreatments increased the antioxidants significantly
(p < 0.05) when compared to ISO alone treated group. TpFE at
100 mg/kg bw did not increase the activities of GST and SOD
significantly (p < 0.05) when compared to ISO-administered rats.
Rats pretreated with TpFE at 500 mg/kg bw showed significant
increase and maintained to near normal activities of GST and
SOD compared to ISO-administered rats.

Discussion

The herbal medicine development involved various process-
ing steps like cultivation, collection, and harvesting which
may contaminate with heavy toxic metals. The heavy toxic
element accumulation in medicinal plants depends on plant
species, composition of soil, climate factors, and environmen-
tal pollution [19]. Heavy metal toxicity is the major hindrance
in the global acceptance of herbal medicine. ICP-MS is an
appropriate choice to determine the heavy toxic metals and
mineral elements in medicinal plants. The ICP-MS analyzed
heavy toxic metals such as Cd and Pd in TpFE were low
which met WHO standards. The levels of Cd, Pb, Ba, and
Co are consistent with previous studies [20, 21]. Although
the levels of Al are high in TpFE, our reported results are less
than the values reported for Al in medicinal plants like
Juniper, Thyme, Mentha, and Curcuma [20]. Minerals are
the essential nutrients for human health. The levels of Fe in
TpFE are under the physiological limits of plants. The highest
concentration of calcium usually found in plants [22]. In our
study also, we observed higher calcium concentrations. The
abundance of minerals such as Cr, Cu, Mn, Fe, Na, K, Ca, and

Fig. 1 Effect of Terminalia
pallida fruit ethanolic extract
(TpFE) on heart weight in control
and isoproterenol (ISO)-
administered rat groups. Results
are mean ± S.D. Values with
unusual lowercase letters (a, b, c,
d and e) significantly differ from
one another (p < 0.05, DMRT)

Fig. 2 Effect of Terminalia
pallida fruit ethanolic extract
(TpFE) on body weight in control
and isoproterenol (ISO)-
administered rat groups. Results
are mean ± S.D. Values with
unusual lowercase letters (a, b, c,
d, and e) significantly differ from
one another (p < 0.05, DMRT)
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Mg in TpFE was in good agreement with the previous reports
[20, 23, 24].

Cardiac necrosis caused by the injection of ISO at the dose
of 85 mg/kg has been used as a well-established standardized
experimental model of MI in rats, which is useful to discover
numerous cardioprotective compounds [25] and antioxidants.
In this study, an increased heart weight has been observed
which may be due to the accumulation of fluid content in
edematous fluid compartments of intramuscular spaces and
necrosis of myocardial fibers, and decreased body weight
has been observed which may be due to reduction activity of
food consumption by the ISO-administered rats [26]. The de-
creased heart weight and increased body weight by TpFE may
relate the amelioration of cardiac necrosis. The results are in
line with previous report [27].

ISO treatment causes cardiac damage resulting in enhanced
cell membrane permeability by which cardiac enzymes were
released into the circulation of blood. In the present study, the
marker enzymes of serum CK, LDH, AST, and ALT were
extremely increased in ISO-treated rats. TpFE treatment sig-
nificantly encountered the toxic effects of ISO by decreasing
the level of all these enzymes. The reduced myocardial dam-
age and decreased levels of cardiac enzymes in serum may be
due to the cardioprotection of TpFE. This result is in concord
with the earlier report [28].

Literature survey revealed that very little research work has
been executed to study the effect of ISO-induced myocardial
necrosis on electrolytes. Hence, our study designed to inves-
tigate the role of ISO on electrolytes in myocardial infarcted
rats. Electrolyte imbalance may cause severe and even life
threatening metabolic disorders of the heart, the liver, the
lungs, and the kidneys [29]. The electrolytes Na+ and K+ play
a vital role in cardiovascular activities [30]. The heart tissue of
ISO-administered rat group exhibited a significant increase in
the concentration of sodium and calcium ions and a significant
decrease in the concentration of potassium ions when com-
pared to control rats. The result is in concurrent with an earlier
report [31]. The resulted changes in the concentrations of Na+,
K+, and Ca2+ ions in the heart tissue of ISO-administered rats
could be due to altered activity of ATPase enzymes in the cell
membrane as a result of lipid peroxidation produced by the
action of ISO [32]. In our earlier study, we reported the vari-
ation of ATPase enzymes during ISO-induced MI in rats [12].
The elevated levels of free fatty acids in myocardium
noncompetitively that inhibit the enzyme Na+-K+ ATPase
has been reported [33]. The sodium channel inhibition may
be the cause for the accumulated and increased levels of in-
tracellular sodium ions. Potassium channels are sensitive to
ATP and closed when the level of ATP is high. Reduction of
ATP concentration during ISO-induced ischemia leads to the

Table 6 Effect of Terminalia
pallida fruit ethanolic extract
(TpFE) on creatine kinase (CK)
enzyme, lactate dehydrogenase
(LDH) enzyme, aspartate
transaminase (AST) enzyme, and
alanine transaminase (ALT)
enzyme in the serum of control
and isoproterenol (ISO)-
administered rat groups

Group CK (U/L) LDH (U/L) AST (U/L) ALT (U/L)

Control 2325.1 ± 154.9 a 741.8 ± 91.4 a 190.1 ± 5.0 a 41.8 ± 3.9 a

TpFE (500 mg/kg bw) 2308.3 ± 250.8 a 740.3 ± 94.7 a 182.0 ± 8.0 a 38.3 ± 3.9 a

ISO (85 mg/kg bw) 4010.8 ± 331.0 b 1558.5 ± 130.2 b 375.8 ± 8.2 b 79.8 ± 4.4 b

TpFE (100 mg/kg bw) + ISO 3762.6 ± 94.0 b 1398.8 ± 74.2 c 348.1 ± 8.0 c 71.1 ± 3.5 c

TpFE (300 mg/kg bw) + ISO 3253.3 ± 134.1 c 1164.6 ± 104.5 d 270.8 ± 8.2 d 60.5 ± 2.8 d

TpFE (500 mg/kg bw) + ISO 2745.8 ± 165.2 d 810.5 ± 85.2 a 203.0 ± 9.0 e 48.1 ± 3.0 e

GA (15 mg/kg bw) + ISO 3006.0 ± 122.5 c 951.1 ± 148.1 e 245.3 ± 6.3 f 55.5 ± 4.9 d

Results are mean ± S.D. Values with unusual lowercase letters (a, b, c, d, e, and f) differ significantly from one
another (p < 0.05, Duncan’s multiple range test)

Table 7 Effect of Terminalia
pallida fruit ethanolic extract
(TpFE) on electrolytes—sodium
(Na+), potassium (K+), and
calcium (Ca2+) in the
myocardium of control and
isoproterenol (ISO)-administered
rat groups

Group Na+ (nmol/mg protein) K+ (nmol/mg protein) Ca2+ (nmol/mg protein)

Control 5.18 ± 0.75 a 6.84 ± 0.41 a 8.08 ± 0.12 a

TpFE (500 mg/kg bw) 5.09 ± 0.83 a 6.92 ± 0.40 a 7.85 ± 0.45 a

ISO (85 mg/kg bw) 7.10 ± 0.62 b 4.91 ± 0.80 b 13.46 ± 0.18 b

TpFE (100 mg/kg bw) + ISO 6.99 ± 0.19 b 4.98 ± 0.89 b 13.07 ± 0.94 b

TpFE (300 mg/kg bw) + ISO 5.93 ± 0.63 c 5.38 ± 0.21 c 12.35 ± 0.51 c

TpFE (500 mg/kg bw) + ISO 5.50 ± 0.89 d 5.89 ± 0.32 d 9.61 ± 0.98 d

GA (15 mg/kg bw) + ISO 6.04 ± 0.78 c 5.27 ± 0.20 c 11.45 ± 0.13 e

Results are mean ± S.D. Values with unusual lowercase letters (a, b, c, d, and e) significantly differ from one
another (p < 0.05, DMRT)
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potassium channel opening that further promoting the de-
creased concentration of potassium ions in the myocardium
[34]. Elevated concentration of intracellular sodium ions also
resulted in depressed effects of calcium ions and augment Ca2+

influx [35]. ISO showed the increase formation of cyclic aden-
osine monophosphate (cAMP) with the enhanced activity of
adenylate cyclase enzyme. The cAMP molecules involved in
the phosphorylation of various sites on C-terminal chains and
enhance the opening of calcium channel [36]. This may be the
cause for increased levels of calcium ions in myocardial tissue.
TpFE pretreatment in ISO-administered rats can ameliorate the
altered levels of sodium, potassium, and calcium ions. This
protective effect of TpFE could be due to the preventive activity
of oxidative damage of BSH^ group on ATPases across the
blockage of lipid peroxidation of membrane lipids. This indi-
cates the membrane stabilization property of TpFE.

XOD is a predominant free radical generating system [37].
During ischemia, xanthine dehydrogenase is transformed to
XOD by the degradation of adenosine nucleotide into hypo-
xanthine and xanthine. XOD acts on xanthine and hypoxan-
thine to generate oxygen-free radicals [38]. The reports re-
vealed that free radicals derived from XOD can alter myocar-
dial structure and depress myocardial function [39]. In this
study, TpFE pretreatment reduced the activity of XOD in
ISO-administered rats. This might be due to the inhibition of
superoxide-free radical generation by TpFE. The result is in
accordance with previous report [40].

GSH is an antioxidant that plays a vital role in the removal of
reactive oxygen species such as superoxide anions, alkoxy rad-
icals, and hydrogen peroxide, and acts as a substrate for GST
and GPx [41]. Among the free radical scavenging enzymes,
SOD is the most important antioxidant enzyme. SOD protects

Fig. 3 Effect of Terminalia pallida fruit ethanolic extract (TpFE) on
xanthine oxidase (XOD) in the myocardium of control and
isoproterenol (ISO)-administered rat groups. Results are mean ± S.D.
Values with unusual lowercase letters (a, b and c) significantly differ
from one another (p < 0.05, DMRT). Asterisk indicates the group that
does not significantly differ from TpFE (100 mg/kg bw) + ISO-

administered group. Number sign indicates the group that does not
significantly differ from TpFE (300 mg/kg bw) + ISO-administered
group. Euro sign indicates the group that does significantly differ from
TpFE (500 mg/kg bw) pretreated group and not significantly differ from
TpFE (300 mg/kg bw) + ISO-administered group

Fig. 4 Effect of Terminalia
pallida fruit ethanolic extract
(TpFE) on the level of antioxidant
reduced glutathione (GSH) in the
myocardium of control and iso-
proterenol (ISO)-administered rat
groups. Results are mean ± S.D.
Values with unusual lowercase
letters (a, b, c, d, and e) signifi-
cantly differ from one another
(p < 0.05, DMRT)
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against oxidative damage by decomposing O2 and H2O2 prior
to their participation in the formation of hydroxyl radicals [42].
ISO metabolic products increase oxidative stress and generate
redundant free radicals [4]. Many reports reveal that oxidative
damage accompanied by free radicals progresses the pathogen-
esis of cardiac damage [43]. ISO-administered cardiac injury
occurs due to free radicals generated oxidative stress which
leads to necrosis of the heart. In this investigation, a significant
(p < 0.05) decrease in GSH content, GST, and SOD activity has
been reported in ISO group when compared to normal group. It
could be due to the elevation of reactive oxygen species such as
superoxide and H2O2, which involves to the antioxidants inhi-
bition. The decreased concentration of GSH in the heart of ISO-
treated rats may be due to the increased utilization of GSH to
augment the activity of GST and in preserving SH group con-
taining proteins from lipid peroxides. GST activity reduced
when glutathione availability reduced on ISO administration
[44]. TpFE pretreatment exhibited improvement in both non-
enzymatic and enzymatic antioxidants such as GSH, GST and
SOD. The result is in consistent with earlier report [45]. The

antioxidant activity of TpFE was due to its natural constituents
like phenolic acids, saponins, flavonoids, triterpenes, and alka-
loids [ 46, 47]. The compound GAwhich was standardized in
TpFE has proved as strong antioxidant [48], and it might be
responsible for the antioxidant activity of TpFE.

Conclusion

The results of present study concluded that trace elements
analyzed by ICP-MS in TpFE were within the acceptable
limits; thus, the extract is safe and the TpFE could serve as a
good source of macro- and micronutrients. The supplementa-
tion of TpFE dose-dependently exerts notable protection on
myocardium by virtue of its strong antioxidant activity. TpFE
at the dose of 500 mg/kg bw effectively ameliorated the heart
weight, the body weight, and the activities of cardiac marker
enzymes, electrolytes, XOD, and antioxidants in ISO-induced
myocardial infarcted rats. T. pallida fruit could be used as a
medicinal food for the treatment of cardiovascular ailments.

Fig. 6 Effect of Terminalia
pallida fruit ethanolic extract
(TpFE) on the activity of
antioxidant enzyme superoxide
dismutase (SOD) in the
myocardium of control and
isoproterenol (ISO)-administered
rat groups. Results are
mean ± S.D. Values with unusual
lowercase letters (a, b, and c)
significantly differ from one
another (p < 0.05, DMRT).
Asterisk indicates the group that
does not significantly differ from
TpFE (300 mg/kg bw) + ISO-
administered group

Fig. 5 Effect of Terminalia
pallida fruit ethanolic extract
(TpFE) on the activity of
antioxidant enzyme glutathione-
S-transferase (GST) in the
myocardium of control and
isoproterenol (ISO)-administered
rat groups. Results are
mean ± S.D. Values with unusual
lowercase letters (a, b, and c)
significantly differ from one
another (p < 0.05, DMRT)
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Further T. pallida fruit could be used in herbal drug develop-
ment for the treatment of cardiovascular ailments.
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