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Cardiac rhythmicity leads to sudden cardiac death which poses a
unique challenge to lessen heart diseases that can cause sudden cardiac
death in older and younger individuals. In vivo cardiovascular rhythmic
pacemaking activities of selected botanical extracts on cardiac
channelopathy tachycardia arrhythmias-induced myogenic heart was
employed using in vivo model of freshwater crustacean daphnia magna
(Water flea). Daphnia magna were cultured, maintained photoperiod at
16 hours light and 8 hours darkness before using as test specimens in
the experimentation. Selected botanical extracts were used as treatment
concentrations (10%, 20%, 30%) for cardiotoxicity and cardio activity
(heartbeats/min). A total of 250 test specimens or daphnids/neonates
were collected and used in cardiotoxicity assessment of the selected
botanical extracts after a 12 hr time exposure to each treatment
concentration solutions (10%, 20%, 30%). Tachycardia arrhythmia
was induced by a caffeine dilute solution concentration (30%) in the
bathing medium. Three hundred daphnids/neonates were used as test
specimens in measuring the arrhythmias-induced myogenic heart of
daphnids/neonates in ten replicates determination. Results showed that
the selected botanicals are dose-dependent which means that the higher
dosage the greater effect to the heartbeat rates. It was revealed that the
losses of DPPH absorbance at 540 nm of the selected botanical extracts
were in agreement with its anti-tachycardia arrhythmia effect to the
heart rate of Daphnia magna. Results showed that the increase in
treatment concentrations and time exposure had positive response
against cardiac tachycardia arrhythmias-induced myogenic heart of
Daphnia magna which behaves similarly to the heartrate of humans.
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Introduction:-

The leading cause of death for all Americans and Filipinos is heart disease ™. Cardiac events are the most common
cause of death in persons with peripheral arterial disease . It is classified that sudden cardiac arrest death is due to
cardiomyopathies (mainly hypertrophic cardiomyopathy, dilated cardiomyopathy,and arrhythmogenic
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cardiomyopathy) and channelopathies (mainly long QT syndrome, Brugada syndrome, short QT syndrome, and
catecholaminergic polymorphic ventricular tachycardia). Cardiac channelopathies, are characterized by lethal
arrhythmias in the structurally normal heart, incomplete penetrance, and variable expressivity. Cardiomyopathies,
such as hypertrophic cardiomyopathy (HCM), dilated cardiomyopathy (DCM), and arrhythmogenic cardiomyopathY
(AC) are characterized by the presence of structural heart alterations that lead to SCD-related arrhythmias .
Ventricular tachycardia and ventricular fibrillation are the two most frequent causes of sudden death. Chronic heart
dysfunction can be caused by ventricular arrhythmias 1,

There have been many researches that ion channel blockade has important limitations for chronic treatment and
prevention of those arrhythmias. Limitations of current therapies for arrhythmia arise from the fact that these
therapies do not address the underlying pathophysiology of arrhythmia. A more successful therapeutic approach may
arise from targeting upstream pathologies that result in abnormalities in ionic currents and emergence of reentry and
focal activity . Cardiomyopathy, which is associated with significantly higher risk of VT/VF, is associated with
oxidative stress and increased oxidation and carbonylation of proteins !,

In addition, other atrial fibrillation and heart failure, a condition with increased arrhythmic risk, are associated with
excess amount of reactive oxygen free radicals (ROS). These mechanisms may involve the effect of ROS on genes,
transcriptional regulation, protein trafficking, and posttranslational modifications ). Defibrillation has shown
success in terminating VT/VF, nevertheless, it does not prevent the occurrence of arrhythmia, and frequent ICD
shocks worsen the quality of life and may even increase mortality (Wissner et al., 2012) ! Thus, the molecular
mechanism by which reactive oxygen free radicals (ROS) affect the cardiac Na+ current and how the Na+ current
reduction can be prevented will be important steps toward designing new and effective antiarrhythmic drugs.

Numerous studies have been established that the pacemaking function of the heart is essential to normal cardiac
activity. An incompetent heart in its contractile function leads to cardiac or ventricular arrest. If a pacemaking
mechanism is absent, cardiac rhythmicity leads to sudden cardiac death which poses a unique challenge to lessen
heart diseases that can cause sudden cardiac death in older and younger individuals. In addition, several researchers
" reported that there was a remarkable and alarming rate in sudden death of individuals within 24 h after being seen
alive and in a normal state of health.

Interestingly, several studies have recognized that fruits are concentrated source of natural components thus having
health promoting properties ). Malviya (2014) noted that fruits and vegetables are main source of natural
antioxidant components. The antioxidants found in fruits and vegetables give protection against harmful free
radicals and reduce rate of cancer and heart disease . The most efficient carotenoid antioxidant is lycopene which
can be mostly found in watermelon, tomato, papaya, and guava. Lycopene is a natural pigment which protects the
body by neutralizing the negative effects of oxidants. It is a carotenoid and gives red color to vegetables and fruits.
In the synthesis of vitamin A lycopene plays an important role as an intermediate and carotenoid like B-carotene and
B cryptoxent in, influences its development. Lycopene is soluble in fat and synthesized by plants and

microorganisms 1%,

As with cardiac chanellopathies, phytochemical components of fruits rich in lycopene are of significant importance
for various protective mechanisms through distinct pathways. Lycopene is a polyunsaturated hydrocarbon
phytochemical present in red fruit and vegetables (papayas, tomatoes, red peppers, watermelons, etc.) and belongs to
the tetraterpene carotenoid family Y. Moreover, lycopene provides mechanism in cancer prevention, reduces LDL
cholesterol and cardiovascular diseases.

There have been many researchers who are focusing on exploitation of natural resources for dietary regimen against
life threatening ailments ™% ¥, Accumulating research evidence suggests that intake of lycopene from tomatoes and
tomato-based products reported associations between tomato intake and risk of cardiovascular diseases ™. The
lycopene biosynthesis of fruits is found predominantly during the ripening process, thus increasing the lycopene
content. These functional ingredients act as protection against chronic health problems like cancer insurgence and
cardiovascular disorders ™ **1]. The low toxicity and high tolerance of lycopene open the door to various options in
the design of lycopene supplementation protocols.

In addition, a recent study has gained interest by investigating the effect of mangiferin on the isoproterenol- induced
myocardial infarction in rats. Mangiferin was found to ameliorate the effect of isoproterenol-induced pathological
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changes, reduced the lipid peroxide formation and retained the myocardial marker enzyme activities at near normal
level. Mangiferin has been considered as a candidate for immunoregulators which is good for the heart 7).

Although very limited and preliminary, the natural compound, mangiferin, has interesting potential in treatments of
metabolic syndromes via modulation of multiple biological processes. It is the predominant constituent of Mangifera
indica extract from the plant that produces mango. Mango extracts and the mango component mangiferin promote
endothelial cell migration ™. In this present study, Mangifera indica leaves had been used since mangiferin content
is in the range of 0.3% - 1% (w/w) in peel and less than 1% in flesh ™. Leaves of Mangifera indica L. are a rich
source of phenolic compounds. Mangiferin obtained from the leaves and bark of the tree, is a xanthone with wide
range of pharmacological effects °!. Moreover, mangiferin is a highly potent antioxidant present in mango leaves
which is utilized for therapeutic purposes 4.

Apparently, invasive studies and evaluations of recent researches are frequently employed using animal studies 2.
Since, the myogenic heart of the water flea Daphnia magna is regulated by inhibitory cholinergic neurons that
modulate cardiac function, including heart rate, Daphnia magna is a useful model organism for cardiovascular
function, due to its physical transparency and susceptibility to cardioactive drugs known to affect the human heart
1231 Unlike neurogenic hearts, in which the cardiac ganglion acts as the pacemaker to initiate contraction, myogenic
heart rhythms are initiated in the cardiac muscular tissue and are independent of neural, metabolic, or hormonal
stimulation %!, Their physical transparency allows for simple observation of internal structures, including the heart
21 In addition, they are highly sensitive to environmental changes, which cause them to adapt morphologically,
physiologically, and behaviorally 2°!,

The heart of the Daphnia magna, regulated by cholinergic neurons and may be useful as a model for the effect of
drugs on cardiovascular function and unusual among crustaceans in that they possess myogenic hearts. Its heart is
composed of a thin layer of myocardial cells, making it easily modulated by small concentrations of cardioactive
compounds " Testing the effects of the drugs is simplified in Daphnia magna as the fleas are responsive to
pharmacological agents added to the water in which they swim. Thus, the introduction of these pharmacological
agents to water fleas may induce activity directly on the cardiac muscle 1%,

Numerous investigations have been made on lycopene and mangiferin and its potential for therapeutic benefits and
reduced cardiovascular diseases. However, the underlying mechanisms of lycopene and mangiferin to cardiac
chanellopathies are not clearly understood which motivated the present study. Very little is known about the
potential mechanism of its effects on cardiac channelopathies using animal models to investigate in vivo
biochemical functions.

In the present study, the cardiac channelopathies effects of ethanolic extracts of fruit pulp of tomato and papaya, and
the ethanolic extract of mango leaves on Daphnia magna were tested. Extracted samples mentioned earlier have not
been tested in any in vivo animal model prior to this study. Thus, in vivo cardiovascular rhythmic pacemaking
activities of selected botanical extracts had been investigated against cardiac channelopathy tachycardia
arrhythmias-induced myogenic heart using freshwater Crustacean Daphnia magna (Water flea). Daphnia magna has
myogenic heart tissue that is similar to mammals . Thus, it was necessary first to clarify the cardiac
channelopathies mechanisms of the Daphnia magna heart, which has a myogenic heart with a cardiac pacemaker
similar to the hearts of vertebrates % to establish its worth as a useful model organism.

The cardiovascular rhythmic pacemaking activities of Solanum lycopersicum (Tomato) and Carica papaya
(Papaya), and Mangifera indica L. (Mango) leaves on the heart rate of Daphnia magna and its implication on
cardiotoxicity were assessed to provide a better understanding of the sympathetic pacemaking mechanism regulation
of the Daphnia magna heart which behaves similarly to the heart rate of humans.

Materials and Methods:-

Fruit Harvesting, Leaf Collection and Verification

Fruits of tomato Solanum lycopersicum (tomato), Carica papaya (papaya), and leaves of Mangifera indica L.
(mango) were harvested in acceptable proportions at Roxas, Bongabong, and Bansud, Oriental Mindoro. Samples
were sent to the Bureau of Plant Industry in Manila for correct identification and verification.
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Culture of Daphnia magna (Water flea) and its Verification

Daphnia magna (Water flea) had been obtained from an aquaculturist from Dumaguete City, Negros Oriental.
Freshwater Crustacean Daphnia magna (Water flea) species were identified and verified by an aquaculturist from
Tilapia Hatchery under the Bureau of Fisheries and Aquatic Resources located at Barcenaga, Naujan, Oriental
Mindoro. Daphnia magna specimens were cultured in a rectangular plastic container just to keep better track
visually on the culture's progress and estimating how much to feed. Daphnia magna were maintained photoperiod at
16 hours light and 8 hours darkness. Culturing of Daphnia magna was located at a cool location with water
temperature between 65°C and 70°C which is ideal for Daphnia magna reproduction. Yeast was used as feeds for
Daphnia magna. Feeding, water change and general culture health parameters are recorded on data sheets and was
stored/archived for reference.

Preparation of Ethanolic Extraction of Fruit Pulp Extract of Solanum lycopersicum (Tomato) and Carica
papaya (Papaya) and Mangifera indica L. (Mango) Leaves

The collected Mangifera indica L. (Mango) leaves were washed in water, shade dried for one week at room
temperature. Mangifera indica L. (Mango) leaves were macerated in ethanol for at least 48 hours in readiness for
rotary evaporation. Meanwhile, fresh fruit pulp was taken from ripe Solanum lycopersicum (Tomato) and Carica
papaya (Papaya), macerated in ethanol for at least 48 hours and was then filtered using Whatman filter paper no.1.
The ethanolic solution was allowed to evaporate using water bath at 50°C until dried extract/crude extract was
obtained.

Preliminary Phytochemical Screening

Preliminary phytochemical screening of the lycopene extracted from Solanum lycopersicum (Tomato) and Carica
papaya (Papaya) and the Mangifera indica L. (Mango) leaf ethanolic extract was carried out to find out the presence
of various secondary metabolites (tannins, alkaloids, saponins, flavonoids, steroids, terpenoids, anthraquinones,
reducing sugars and glycosides) using standard procedures B %2 %3, The qualitative results are expressed as (+) for
the presence and (—) for the absence of phytochemicals.

Cardiotoxicity assessment of Ethanolic Crude Extract of Solanum lycopersicum (Tomato), Carica papaya
(Papaya), and the Ethanolic Extract of Mangifera indica L. (Mango) Leaves

Daphnia magna underwent a 12 hr time exposure at various treatment solution concentrations (100, 200, 300 mg/L).
Daphnia magna neonates (one day old daphnids) had been selected for this assessment since neonates may be more
susceptible to toxic substance than elder one %, No food feed was provided during the experimental period. Death
and immobilization of daphnids at a 12 hr time exposure was thoroughly observed in a digital microscope connected
to a laptop. No food feed was administered during the cardiotoxicity assessment of Daphnia magna (water flea).
Different treatment solution concentration (10%, 20%, 30%) of at least 2 mL test solution should be provided for
each Daphnia magna was added directly to the petri dish as test chambers at various concentrations. Five
daphnids/neonates were put into each test chamber per concentration and were used in cardiotoxicity assessment in
five replicates determination. Thus, a total of 250 test specimens or daphnids/neonates were collected and used to
determine the mortality rate after a 12 hr time exposure to each treatment concentration solutions (10%, 20%, 30%).

In Vivo Cardio Activity Assessment on the Test specimens Daphnia magna (Water flea)

Arrhythmia was induced by a caffeine dilute solution in the bathing medium. Three caffeine solutions were created
at three various dilute solution concentrations (10, 20, 30 mg/mL). Three daphnids/neonates were used as test
specimens in the observation of heart beat per minute per dilute solution concentration. Examination of
daphnids/neonates were observed a 10 minute time exposure since these test specimens showed an increase
response in their heart beat per minute in the 10 mg/mL caffeine dilute solution. Hence, a 10 mg/mL caffeine dilute
solution was made as a standard bathing medium in increasing the heart beat per minute of the test specimens
daphnids/neonates used in this current study. All experimental or control groups had been exposed to the bathing
medium of 10 mg/mL caffeine dilute solution. Daphnia magna was carefully picked up by a plastic pipette from a
container and transferred it individually into the bathing medium. The picking up of the test specimen was carried
out cautiously with minimal volume of liquid sucked in the pipette. Individual Daphnia magna was exposed into the
bathing medium for 10 minutes. Daphnia magna in the control condition were kept in distilled water while
experimental condition Daphnia magna was administered with appropriate treatment solutionconcentration (10%,
20%, 30%).
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Daphnia magna from the culture water provided this present study with a value for the normal resting heart rate of
Daphnia magna. Daphnia magna was transferred individually by a pipette to the petri dish as test chamber. Due to
lack of previously reported information on its lethal dose in Daphnia magna, a starting concentration of 100 mg/L of
treatment solution concentration was chosen so that the highest concentration did not 300 mg/L. Test specimens
were tested at concentrations not exceeding 1 g/L since daphnids/neonates sizes are 2-3 mm only. Different
treatment solutions of 100 mg/L, 200 mg/L, 300 mg/L with different time exposure (3 min, 5 min, 10 min) resulted
in 100, 200, and 300 microgram per mL of concentrations available to the Daphnia magna in each exposure. At least
2 mL of treatment solution concentration was provided for each Daphnia magna specimen.

Three hundred petri dishes and 300 daphnids/neonates were used as test chambers and test specimens in this current
study in measuring the arrhythmias-induced myogenic heart of daphnids/neonates. Each treatment solution
concentration was done in ten replications.

The heart rates of Daphnia magna were observed using a digital/video microscope connected to a laptop. To control
the movement of the test specimen, the test specimen Daphnia magna was placed on a depression slide coated with
petroleum jelly. Each test specimen was transferred to the depression slide by using a plastic pipette. Heart rate was
measured ten times for each time exposure with regards to its respective treatment solution concentration.

Trials were completed with the room lights off and only the light from the digital/video microscope were on because
it can cause stress to the Daphnia magna which are sensitive to light contact. A consistent and systematic way of
counting method was employed in this current study in counting the fast heartbeats of Daphnia magna by
videotaping the heart beat and slowing the recording to obtain a more precise count.

DPPH Antioxidant Assay and Inhibitory Activities of Selected Botanical Extracts

The method was adapted from Clarke et al. (2013), twenty microliter (20 pL) of the crude extract diluted
appropriately in Dimethylsulfoxide (DMSO) with 180 pL of DPPH in methanol (40 pg/mL) in wells of a 96-well
plate. The plate was kept in the dark for 15 minutes after which the absorbance of the solution was measured at 540
nm in a plate reader. DMSO served as a blank and Ascorbic Acid served as the standard.

% inhibition = Absorbance of DPPH — Absorbance of extact x 100
Absorbance of DPPH

H. Elemental Analysis by XRF Spectrometer

Trace elements were quantitatively determined in the crude ethanolic fruit extract of Solanum lycopersicum
(tomato), Carica papaya (papaya) and Mangifera indica L. (mango) ethanolic leaf extract by X-Ray flouresence
spectrometer (XRF).

|. Data Analysis

Mean averages were used in comparing results of cardiotoxicity and the heartbeats/per minute were obtained from
the selected botanical extracts with different treatment concentrations. Meanwhile, One-Factor Analysis of Variance
(ANOVA) was applied in determining the possible differences obtained from the results of the experimentations.

Results and Discussion:-
Table 1:- Qualitative phytochemical analysis of the crude ethanolic fruit extract of Solanum lycopersicum (tomato),
Carica papaya (papaya) and Mangifera indica L. (Mango) ethanolic leaf extract

Phytochemicals Tomato Papaya Mango
Tannins + + +
Carotenoid + + -
Alkaloid + - ¥
Cardiac glycoside + + ¥
Terpenoids + - ¥
Saponins + + T
Flavonoids + + T
Steroids - + +
Carbohydrates - + -

782




ISSN: 2320-5407 Int. J. Adv. Res. 7(2), 778-794

Reducing sugar - -

Anthraquinones - -

Phenol - -

+ |+ |+ |+

Xanthoprotein - -

Key: (+) Presence, (-) Absence

The qualitative phytochemical screening analysis of the crude ethanolic fruit extract of Solanum lycopersicum
(tomato), Carica papaya (papaya) and Mangifera indica L. (Mango) ethanolic leaf extract showed the presence of
tannins, cardiac glycoside, saponins, and flavonoids (Table 1), however, the presence of carotenoid has only been
found in Solanum lycopersicum (Tomato) and Carica papaya (Papaya). Result in Table 1 also indicated the presence
of alkaloids and terpenoids in both Solanum lycopersicum (Tomato) and Mangifera indica L. (Mango) ethanolic leaf
extract. On the other hand, Carica papaya (Papaya) and Mangifera indica L. (Mango), showed the occurrence of
secondary metabolite steroids. Preliminary screening also showed a manifestation of carbohydrates in Carica
papaya (Papaya) only, whereas, the existence of reducing sugars, anthraquinones, and xanthoproteins were found to
be in Mangifera indica L. (Mango) ethanolic leaf extract that were not detected in the crude ethanolic fruit pulp
extract of Solanum lycopersicum (Tomato) and Carica papaya (Papaya).

Table 2:- 12 hr Cardiotoxicity Assessment in different concentration of the crude ethanolic fruit extract of Solanum
lycopersicum (Tomato), Carica papaya (Papaya) and Mangifera indica L. (Mango) Ethanolic Leaf Extract on the
Freshwater Crustacean Daphnia magna (Water flea)

Control Solanum lypersicum Carica papaya (Papaya) Mangifera indica L.
(Tomato) (Mango)
Concentration (mg/L)

Replication 10% | 20% | 30% 10% | 20% | 30% 10% | 20% | 30%

1 5 5 5 5 5 5 5 5 5 5

2 5 5 5 5 5 5 5 5 5 5

3 5 5 5 5 5 5 5 5 5 5

4 5 5 5 5 5 5 5 5 5 5

5 5 5 5 5 5 5 5 5 5 5

Mean 5 5 5 5 5 5 5 5 5 5
Corrected % 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Mortality

Overall, it was indicated in Table 2 that there was a corrected 0% mortality which means that not even one Daphnia
magna died during the 12 hour time exposure in different treatment concentrations (10%, 20%, 30%) of the crude
ethanolic fruit extract of Solanum lypersicum (Tomato), Carica papaya (Papaya) and Mangifera indica L. (Mango)
ethanolic leaf extract in acute toxicity assessment. Acute toxicity assessment performed reveals that it is non-toxic in
nature and safe for freshwater crustacean Daphnia magna (Water flea). Since Daphnia magna (water flea) has
similar myogenic heart as compared to human heart, it can be inferred from the result of this current study that the
crude ethanolic fruit extract of Solanum lycopersicum (Tomato), Carica papaya (Papaya) and Mangifera indica L.
(Mango) ethanolic leaf extract manifest cardio protective effect without any toxicity. Species of crustaceans
Daphnia magna shows high tolerance on different concentrations of selected plant extracts (tomato, papaya, mango)
during the 12 hr exposure. Results of mortality rate remain unchanged as the concentrations of plant extracts
increases during the 12-hr time exposure of Daphna magna which stipulated a zero corrected % mortality using
Abbot’s formula and confirmed its potential as a safe pharmacological agent.
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Figure 1:- Freshwater Daphnia magna (water flea) neonates or daphnids picked up from the petri dish during cardiotoxicity
assessment at 500X Magnification (a, b, c, d, e, f) and 200x magnification (g, h)

Heart rate of Daphnia magna under control and different concentration of the crude ethanolic fruit extract of
Solanum lycopersicum (Tomato), Carica papaya (Papaya) and Mangifera indica L. (Mango) Ethanolic Leaf
Extract in different time exposure (3 min, 5 min, 10 min)

One-Factor ANOVA results show significant difference among the different concentrations of selected botanical
extracts in terms of heartbeat rate within 3-minute (F=108.818;p=0.000), 5-minute (F=310.713;p=0.000), and 10-
minute time of exposure (F=1227.212;p=0.000) wherein the 30% of Mangifera indica L. (Mango) extract exhibited
the lowest average heartbeat rates (M=171.4; M=144; M=124) while highest average heartbeat rate was
demonstrated by the control (M=189.4; M=189.9;M=188.4) for all the exposure time applied. The results indicated
that the selected botanicals are dose-dependent which means that the higher dosage, the greater effect to the
heartbeat rates.

195 4
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190 4 L '

185 H

180 -

175 A

170 H

Average heartbeat rate

165 -

160 T

o o > 2
(§) Al °<° o,@ N N
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& S o
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Figure 2:- Heart rate of control and different treatment concentration of T1 (Solanum lypersicum), T2 (Carica
papaya) and T3 (Mangifera indica L.) on the myogenic heart of freshwater crustacean Daphnia magna (Water flea)
during the 3-minute time exposure period
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Average heart rates for the control (190.1 heartbeats per minute) were higher than all of the other treatments (T1,
T2, T3). The mean heartbeat of control, T1 of 10%, 20%, 30% mg/L concentrations at 3 min time exposure were
found to be 178.9, 176.9 and 173.5 respectively. Meanwhile, T2 of 10%, 20%, 30% depicts mean heartbeats of
183.1, 182.7, and 175.3. T3 of 10%, 20%, 30% show mean heartbeats of 176.4, 174.7 and 171.4 respectively.

200 A 1 * 1

190 -

180 A

170 H

160 -

150 -+

Average heartbeat rate

140 -

130 -+

120

Selected botanicals at different concentrations

Figure 3:- Heart rate of control and different treatment concentration of T1 (Solanum lycopersicum), T2 (Carica
papaya) and T3 (Mangifera indica L.) on the myogenic heart of freshwater crustacean Daphnia magna (Water flea)
during the 5-minute time exposure period

Similarly, the average heart rates for the control (189.9 beats per minute) were higher than all of the other treatments
(T1, T2, T3). Figure 4 displays mean heartbeats obtained at various concentrations exposed to a 5 minute time
exposure period. A mean heartbeat per minute of 156.4, 154.1, and 149.9 were obtained by Daphnia magna exposed
to T1 (10%, 20%, 30%). Meanwhile, it was depicted that a mean value heartbeats per minute of 159.7, 155.1, and
150.1 was observed on the Daphnia magna present in the test chambers of T2 (10%, 20%, 30%). Moreover, T3
(10%, 20%, 30%) shows apparent mean heartbeats per minute of 152.8, 151.4, and 144.0.

kad 1
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Figure 4:- Heart rate of control and different treatment concentration of T1 (Solanum lycopersicum), T2 (Carica
papaya) and T3 (Mangifera indica L.) on the myogenic heart of freshwater crustacean Daphnia magna (Water flea)
during the 10-minute time exposure period

Similarly, the average heart rates for the control (188.4 heartbeats per minute) were higher than all of the other

treatments (T1,T2, T3). There were minimal changes in the average heart rate of the test specimen in the control
group. Mean heartbeat per minute of Daphnia magna exposed at various concentrations at 10 minute time exposure
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was shown in Figure 5. Mean heartbeat values of 135.1, 130.2, and 127.6 per minute were observed under T1 (10%,
20%, 30%). On the other hand, for T2 (10%, 20%, 30%), the mean values of the heartbeat of Daphnia magna were
136.1, 131.2, and 127.9 per minute. Meanwhile, it was also observed that mean heartbeat values of Daphnia magna
for T3 (10%, 20%, 30%) were 132.67, 126.7, and 124.0 per minute respectively.

Nevertheless, it was shown in figures 3, 4, and 5 the heartbeats/ minute of the myogenic heart of Daphnia magna
induced by cardiac channelopathy arrhythmias heart in response to different concentrations of the crude ethanolic
fruit extract of Solanum lycopersicum (Tomato), Carica papaya (Papaya) and Mangifera indica L. (Mango)
Ethanolic Leaf Extract at various time exposure period on the (3 min, 5 min, 10 min). The results clearly showed the
dose dependent cardioprotective effect of the selected different plant extracts on Daphnia magna (Figure 3, 4, 5). In
the case of the crude ethanolic extract of Solanum lypersicum (Tomato), Carica papaya (Papaya) and Mangifera
indica L. (Mango), it was clearly manifested that the heart beats of Daphnia magna decreases as the concentration of
plant extract increases with regards to its exposure time period. The Mangifera indica L. (Mango) leaves crude
ethanolic extract showed the most considerable decrease of heart beats of Daphnia magna among the selected plant
extracts used in this present study.

Nevertheless, the decrease of heart rate per minute of the test specimens are associated to the phytochemicals
present in the selected plant extracts of Solanum lycopersicum (Tomato), Carica papaya (Papaya) and Mangifera
indica L. (Mango). One of the phytochemicals present in all plant extracts used in this current study shows the
presence of cardiac glycosides. Several studies have established that frequently used classes of drugs for the
treatment of heart failure and arrhythmias have been taken from plants rich in phytochemicals. Cardiac glycosides
work by inhibiting the Na+/K+ pump. This causes an increase in the level of sodium ions in the myocytes, which
then leads to a rise in the level of calcium ions. This inhibition increases the amount of Ca2+ ions available for
contraction of the heart muscle, improves cardiac output and reduces distention of the heart B°. Thus, cardiac
glycoside counteract atrial fibrillation by slowing down heart rate which aid in the treatment of congestive heart
failure and cardiac arrhythmias, which was parallel to the result of this current study.

Moreover, results of the decrease heartbeats can also be attributed to the interesting pharmacological effects
including negative chronotropic, diuretic, antibacterial and anti-inflammatory actions associated with phytochemical
saponins P¢. The non-sugar part of saponins also has antioxidant activity which may help to reduce risk of heart
diseases " ®1. In addition, certain active secondary metabolites such as saponins, alkaloids, phenolic compounds,
cardiac glycosides and flavonoids are recently gaining more attention for treating patients with cardiovascular
diseases heart disease %,

Similarly, flavonoids and phenolic compounds have also been reported to produce a decrease in heart rate and
vasodilation in animal models ™ *3. These compounds have been studied mainly for their properties against
oxidative damage leading to various degenerative diseases, such as cardiovascular diseases, inflammation and
cancer “2. Moreover, flavonoids contain free radical damage is believed to contribute to a variety of health
problems, including cancer, heart disease and aging **!. Study findings suggest that phytochemicals may reduce the
risk of coronary heart disease by preventing the oxidation of low density lipoprotein (LDL) cholesterol, reducing the
synthesis or absorption of cholesterol, normalizing blood pressure and clotting, and improving arterial elasticity ©*
“] Flavonoids prevent the oxidation of low-density lipoprotein, lowers the blood levels of cholesterol and
triglycerides thereby reducing the risk for the development of atherosclerosis %!, Flavonoids have also been reported
to have vaso-dilatory and inhibitory effects on platelet aggregation thereby preventing coronary heart diseases .

On the other hand, the response of the test specimens on treatments (T1, T2, T3) could be attributed to the presence
of phenolic compound found T1 and T3. In the case of T3, leaves of Mangifera indica L. (Mango) are rich source of
phenolic compounds ™. Likewise, mangiferin obtained from the leaves is a xanthone with wide range of
pharmacological effects !, This active pytochemical is a highly potent antioxidant present in mango leaves which
is utilized for therapeutic purposes such as tachycardia arrhythmias 4.
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Antioxidant Inhibitory Activities of Crude Ethanolic Fruit Pulp Extract of Solanum lycopersicum (Tomato)
and Carica papaya (Papaya) and Mangifera indica L. (Mango) Ethanolic Leaf Extract

% Inhibition of all samples against DPPH
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Figure 5:- Antioxidant Activity of all samples against DPPH radical. Ascorbic Acid served as the standard.
Values were expressed as mean * standard deviation (mean = SD) (n=6).

One Factor ANOVA result shows that there is significant difference among the selected botanical extracts and the
positive control in terms of percentage of inhibition against DPPH Radical (F=33.757;p=0.000) wherein among the
selected botanical extracts, the Mangifera indica L. (Mango) has the highest percent of inhibition (M= 57.02) while

the Carica papaya (Papaya) has the lowest inhibition (M= 18.32).

In the present study conducted, selected botanical extracts were tested in terms of their antioxidant and inhibitory
activity, after being tested in in vivo, for practical purposes. Since, the hearbeat/min was remarkably affected by the
crude ethanolic extract of Mangifera indica L. (Mango) leaves, we checked if the antioxidant activity correlates and
influence the heartbeat/min of the Daphnia magna since antioxidant agents play an important protective role in heart

disease 7.
ASCORBIC ACID DPPH
Concentration(ppm) 1000 500 250 125 62.5
0.0500 0.0590 | 00540 | 00620 | D.0880 0.617
0.0530 0.0520 | 00550 | 00610 [ 0.0880 0.618
0.0490 0.0510 | 00570 | 00590 [ 0.0930 0.600
Absorbance 00500 | 00530 | 00540 | 0.0590 | 00910 | 0595
0.0460 0.0520 | 00570 | oo600 | D.0890 0.606
0.0490 0.0540 | 00580 | 00610 [ 0.0930 0.597
Average 00495 | 00535 | 00558 | 00803 | 0.0903 0.606
% Inhibition 918 91.2 90.8 90.0 85.1
Figure 6:- DPPH Absorbance at 540 nm of Ascorbic Acid
Mango Leaves

Concentration(ppm) 1000 500 250 125 62.5
0.0650 0.127 D0.283 0.384 0.433

0.0660 0.134 0.281 0.378 0.425

Absorbance 0.0670 0.153 0.291 0.382 0.430
0.0660 0.151 0.286 0.389 0.425

0.0640 0.147 0.283 0.380 0.431

0.0600 0.129 0.291 0.382 0.425

Average 0.0647 0.140 0.286 0.383 0.428

% Inhibition 89.3 76.9 52.8 36.8 29.3
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Figure 7:- DPPH absorbance at 540 nm of Mangifera indica L.

Tomato

Concentration{ppm) 1000 500 250 125 62.5
0.462 0477 0.471 0.473 0.495

0.474 0472 0.475 0.473 0.465

Absorbance 0.460 0475 0.468 0.475 0.486
0.467 0.478 0477 0.479 0.495

0.455 0474 0.470 0.479 0.489

0.470 0.445 0.477 0.455 0.486

% Inhibition

23.3 224 21.9 22.0

19.7

Figure 8:- DPPH Absorbance at 540 nm of Solanum Lycopersicum

Papaya

Cencentration(ppm) 1000 500 250 125 62.5
0487 0487 0497 0.499 0.506

0485 0 491 0 4R9 0458 04497

0491 0492 0.5M 0.509 0.508

Abscrbance 0.482 0.500 0.492 0.505 0.504
0455 0 498 0406 0,504 0.517

0.450 0.495 0.469 0.510 0.467

o Inhibition

Figure 9:- DPPH absorbance at 540 nm of Carica papaya
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Figure 10:- Antioxidant Activity of Mangifera indica L. (Mango) against DPPH radical. Ascorbic Acid served as
the standard. Values were expressed as mean + standard deviation (mean = SD) (n=6).

% Inhibition of Tomato against DPPH
100uD
200
£
E B Ascorbic Ackd
* H [omato
1000 00 250 125 62.5
Concentration {ppm)

Figure 11:- Antioxidant Activity of Solanum lycopersicum (Tomato) against DPPH radical. Ascorbic acid served as
the standard. Values were expressed as mean + standard deviation (mean + SD) (n=6).
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Figure 12:- Antioxidant Activity of Carica papaya (Papaya) against DPPH radical. Ascorbic Acid served as the
standard. Values were expressed as mean + standard deviation (mean + SD) (n=6).

Table 3:- % Inhibition of the Crude Ethanolic Fruit Pulp Extract of Solanum lycopersicum (Tomato), Carica papaya

(Papaya), and Mangifera indica L. (Mango) leaves

% Inhibition of Selected Botanical Extracts against DPPH Radical

Concentration(ppm) 1000 500 250 125 62.5
Ascorbic Acid 91.8 91.2 90.8 90 85.1
Mangifera indica L. (Mango) Leaves 89.3 76.9 52.8 36.8 29.3
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Solanum lycopersicum (Tomato) 23.3 22.4 21.9 22 19.7

Carica papaya (Papaya) 20.1 18.4 18.4 17.8 16.9

As shown in Table 3, the three selected botanical extracts elicit remarkable antioxidant activity. Findings in the
DPPH assay revealed that the crude ethanolic extract of Solanum lycopersicum (Tomato), Carica papaya (Papaya),
and Mangifera indica L. (Mango) led to greater losses of DPPH absorbance at 540 nm. The remarkable antioxidant
activity or the percent of inhibition reflected by the DPPH assay was clearly observed predominantly in the crude
ethanolic extract of Mangifera indica L. (Mango) leaves. On the other hand, the least losses of DPPH absorbance at
540 nm was found to be in the crude ethanolic fruit pulp extract of Carica papaya (Papaya), whereas, moderate
losses of DPPH absorbance at 540 nm was found to be in the crude ethanolic fruit pulp extract of Solanum
lycopersicum (Tomato).

It was observed that there was an extremely significant difference on the % of inhibition antioxidant activities
among the three selected botanical extracts (Mangifera indica L., Solanum lycopersicum, and Carica papaya).
Apparently, there was a minimal difference in the antioxidant activity between the crude fruit pulp ethanolic extract
of Solanum lycopersicum (Tomato) and Carica papaya (papaya) as confirmed by one-way analysis of variance
(ANOVA).

In this present study, it was noticed that the average heartbeat/min of Daphnia magna conforms to the findings of
the antioxidant activity of each selected botanical extracts. It was revealed that the selected botanical extracts of
Solanum lycopersicum (Tomato), Carica papaya (Papaya), and Mangifera indica L. (Mango) which showed
remarkable antioxidant activity were in agreement with its anti-arrhythmic properties as shown in the previous
figures (2, 3, 4, 6).

Based on the literature survey, antioxidants with free radical scavenging activities may have great significance in the
protection and therapeutic of diseases involving free radicals “®!. Antioxidants prevent oxidative stress, caused by
free radicals, which damage cells and vital biomolecules “®. They terminate chain reactions triggered by free
radicals by removing free radical intermediates and inhibit other oxidation reactions. Since, the selected botanical
extracts possess potential antioxidant inhibition activity, they will minimize or prevent deleterious effects of the
reactive oxygen free radicals (ROS) which exhibit influence in many cardiovascular diseases ** *¢ 1. Both atrial
fibrillation and heart failure, a condition with increased arrhythmic risk, are associated with excess amount of
reactive oxygen species (ROS). ROSs participate in the process of damage to the sarcoplasmic membrane and
increased intracellular calcium during arrhythmia, thereby causing delay and early after depolarization. While ROS
seems to be able to cause arrhythmias, at least when externally supplied, and there are some possible alterations that
can explain the arrhythmogenic substrate created by ROS. ROS elevation affects several ionic currents in
cardiomyocytes. The effect of ROS on total and late Na+ current is important and can be arrhythmogenic. As, the
ROS can downregulate cardiac sodium channels and mitochondrial antioxidants can reverse this effect ), therefore,
antioxidant acitivity has an affirmation to the cardio rhythmic pacemaking activities of the heart.

The mechanisms of the secondary metabolites and other chemical constituents of medicinal plants account for their
medicinal value Y. These phytochemicals or secondary metabolites are bioactive compounds found in plants that
work with nutrients and dietary fibre to protect against diseases. To name a few, saponins are glycosides of both
triterpene and steroids having hypotensive and cardio-depressant properties 2 while cardiac glycosides are
naturally cardioactive drugs used in the treatment of congestive heart failure and cardiac arrhythmia %,

The anti-tachycardia arrhythmias effect of the crude ethanolic extracts of the selected botanicals extracts have an
important role in pacemaker currents in cardiac nodal tissue . Blocking the calcium channel results in lowering
the heart rate or a negative chronotropic effect is due to slowing down the conduction of electrical activity during the
plateau phase of the action potential within the heart. In addition, the anti-arrhythmic effects of calcium-channel
blockers (Class IV anti-arrhythmics) are due to their ability to decrease the firing rate of aberrant pacemaker sites
and are related to their ability to decrease conduction velocity and prolong repolarization within the heart, especially
at the atrioventricular node. Prolonging repolarization at the atrioventricular node could help to block reentry
mechanisms, which can cause supraventricular tachycardia .

It can be concluded based on the results of this present study, that antioxidant activity of the crude ethanolic extracts
of Solanum lycopersicum (Tomato), Carica papaya (Papaya), and Mangifera indica L. (Mango) had greatly
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influenced the cardiac rhythmic pacemaking activities of Daphnia magna induced by tachycardia arrhythmia which
is a disease associated with oxidative stress which is commonly the target of antioxidant activity. Should this be the
case, new possible upstream therapeutic target for treatment of arrhythmia is oxidative stress. Oxidative stress
promotes myocardial fibrosis %, Biophysical properties of the extracellular matrix (ECM) are important factors that
can affect the propagation of the action potential in the heart.

Moreover, it can also be inferred from the result of this study that crude ethanolic extract of selected botanicals
(Solanum lycopersicum, Carica papaya, Mangifera indica L.) could be considered an effective agent in the
prevention of various cardiovascular diseases associated with oxidative stress, including tachycardia-arrhythmia.

Table 4:- Elemental Analysis of Ethanolic Fruit Pulp Extract of Solanum lycopersicum (Tomato) and Carica
papaya (Papaya) and Mangifera indica L. (Mango) Ethanolic Leaf Extract

Elements Solanum lypersicum | Carica papaya | Mangifera indica L.
Relative composition

Ca 1.07 0.25 6.47

Mg 2.71 1.27 2.44

P 0.58 0.19 0.20

Fe 0.08 0.05 0.08

Table 4 shows the elements present in the ethanolic crude fruit pulp of Solanum lycopersicum (Tomato), Carica
papaya (Papaya) and Mangifera indica L. (Mango) leaf extract. It was noted that Ca** and Mg®" were found to be
the highest relative composition of Mangifera indica L. (Mango). Results of this revealed that Mangifera indica L.
(Mango) lowers the heartbeat of Daphnia magna. The use of Mg?®* is widely used in the prevention and/or treatment
of cardiac arrhythmias. Mg?* exerts its antiarrhythmic effect via modulation of myocardial excitability is widely
accepted in cardiovascular medicine applications °. Oral intake of Mg®* supplementation is inexpensive, relatively
safe, and well tolerated. Moreover, the effects of calcium supplements similarly produce small beneficial effects on
[bBL?Od pressure > % and on circulating cholesterol fractions ! which might result in reduced cardiovascular events

Conclusion:-

From the result of cardiotoxicity assessment of the selected botanical extracts of the fruit pulp of Solanum
lycopersicum (Tomato) and Carica papaya (Papaya), and Mangifera indica L. (Mango) leaves extracts. It is clearly
observed that the selected botanical extracts are safe and non-toxic to Daphnia magna. It is assumed that the anti-
tachycardia arrhythmias effect on the heartrate/min of the test specimens Daphnia magna (water flea) may be due to
the secondary metabolites found on the selected botanical extracts. Moreover, it may also be influenced by such
trace elements found on the selected botanical extracts such as calcium, potassium, and magnesium content. It was
revealed that antioxidant activities of the selected botanical extracts had significant influence on the heartbeat/min of
the Daphnia magna since antioxidant agents play an important protective role in heart disease.

The results indicated that the selected botanicals are dose-dependent which means that the higher dosage, the greater
effect to the heartbeat rates. The remarkable antioxidant activity or the percent of inhibition reflected by the DPPH
assay was clearly observed predominantly in Mangifera indica L. (Mango). On the other hand, the least losses of
DPPH absorbance at 540 nm was found to be in Solanum lycopersicum (Tomato) and Carica papaya (Papaya).

Results showed that the increase in treatment concentrations and time exposure had positive response against cardiac
tachycardia arrhythmias-induced myogenic heart of Daphnia magna which behaves similarly to the heartrate of
humans.

Recommendations:-

On the basis of findings and conclusions, the following recommendations are offered for consideration:

1. Quantitative determination analysis of the compounds should also be considered in determining the
phytochemicals or secondary metabolites present in the selected plant extracts to explore other compounds and
its effects on human health.

2. Other mechanisms of arrhythmia should be further explored so as to have new and effective therapeutic targets
for treatment of all types of arrhythmia.
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3. Further investigation on other animal models and clinical trials are required to obtain drug leads.
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