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Abstract

The present study determined the antibacterial activity of E. indica against E. coli and S. aureus at 12, 24 and 36
hrs of incubation. Also, its teratogenic potential using zebra fish as model animal was made. Malformations which
include stunted-tail, growth retardation, yolk deformity and delayed development were observed. Similarly,
mortality rate, hatchability and heartbeat of zebrafish embryo were also noted. Results showed bacterial
inhibition against E. coli at 12, 24 and 36 hrs of incubation. For the teratogenicity of E. indica, LCso of ethanol and
hot water extracts was computed at 2200 ppm and 12890 ppm, respectively. Also, exposure of zebra fish embryo
to ethanol extract of 10000 to 5000 ppm caused 100%mortality at 24 hours of incubation and reduced heartrates
for the surviving embryos. Furthermore, malformations were also recorded which include stunted-tail, growth
retardation, yolk deformity and delayed development. Thus, the potential antibacterial activity against E. coli and

teratogenic potential of E. indica ethanol extracts.
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Introduction

Plants are rich in phytochemicals and are sources of
alternative drugs throughout the world (Srivastava et
al., 1996) (WHO, 2002). In addition, due to
occurrence of infectious diseases there is an
increasing attention on the discovery of plant based
(Anderson, Plants

contain numerous biologically active compounds,

antimicrobial drugs. 2003).
many of which have antimicrobial activity (Cowan,
1999).However, it is also vital to assess their
pharmacological potentials and properties, their
benefits and side effects (Firenzuoli and Gori , 2007).
These plant metabolites could also pose danger or
even death to developing embryo. The plants or their
toxins capable of causing fetal death or abnormalities
are referred to as teratogens which crosses the
placenta during gestation period causing birth
defects, mortality and other forms of malformations

(Lather et al., 2011).

In this study, the antibacterial and the teratogenic

potential of E. indica was explored.

Materials and methods

Collection and extraction E. indica leaves

The leaves of E. indica without insect bites and plant
diseases were collected at San Jose City, Nueva Ecija
and disinfected with sodium hypochlorite then rinsed
with distilled water three times. The leaves were then
cut into small pieces, air dried and were pulverized
using pulverizing blender. The leaves were extracted

using hot water and ethanol as solvents.

For ethanol extraction, 50 grams of pulverized leaves
of E. indica were soaked for 72 hours in 200 ml of 80
% ethanol and the extract was filtered with sterilized
filter paper disk (10 mm) and the filtrate was

separated using a rotary evaporator set at 60 rev/min

at 45°C. Meanwhile for the hot water extract, 50
grams of the pulverized leaves of E. indica was boiled
in 200 ml of distilled water for 30 minutes. The
extracts were filtered using a sterile filter paper disc
(10 mm) and stored in a clean and sterilized amber
bottle.

Sub-study 1: Antibacterial Determination of E.
indica

Preparation of Bacterial Culture of Bacteria

E. coli (ATCC 2592; AN 1964) and S. aureus (ATCC
6538; AN 1823) were used as test organisms. Nutrient
agar slants and Nutrient broth were used to maintain
the two organisms, and Mueller-Hinton Agar was
used for the bio assay. E. coli and S. aureus were
grown separately in nutrient broth for 24 hours at
ambient room temperature. The growth of the
bacteria was adjusted until its turbidity was the same

as McFarland No.o.5. The comparable bacterial

density is 1.5 x 108 cells/ml.

Disc Diffusion Assay

Disc diffusion assay was carried out in three
replicates were adopted following the protocol of
Dulay et al. (2014) with minor modifications. The
sterilized paper discs were soaked in the dissolved
crude extract of E. indica and allowed to dry inside
the chamber. Streptomycin sulphate was used as the
positive control and 80% ethanol for the negative
control. For the bacterial inoculum, 0.2 ml of the
inoculum was spread evenly in the assay plates using
sterile cotton swab. The discs treated with the extract
was seeded equidistantly using sterile needles.
Several forceps were used in every treatment. The
plates were properly labelled and incubated at room
temperature for 24 hours in an inverted position. The
zone of inhibition was measured using a digital
vernier calliper. The zone of inhibition indicated the

antibacterial property of the extract.

Sub-study 2. Teratogenic Activity of E. indica
The methodology for teratogenicity of E. indica was

adopted from the previous study of Dulay el at.
(2014).

Zebrafish Maintenanc

A glass aquarium approximately 21 cm (height), 15
cm (width) and 31 cm (length) containing untreated
and clean tap water with continuous flow of oxygen
via aerator was used to maintain adult female and

male zebrafish at a ratio of 1 female : 2 male.
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Acclimatization was carried out for one week at 26 +
1°C (room temperature) condition prior to spawning

and fertilization.

Zebrafish Spawning and Fertilization

Matured zebrafish were placed first in a coarse plastic
mesh submerged into the aquarium water to protect
the eggs from being devoured by the matured
zebrafish once fertilized.

To stimulate spawning, dark condition was
maintained for 12 hours by covering the aquarium
with black bag. Fertilized eggs were seen in the

bottom of the aquarium with the aid of the light.

Embryo Harvesting and Uniformity Assessment

To collect fertilized eggs, hose tubes were used. After
12 hours post fertilization it was transfer in a beaker.
Morphological uniformity assessment was done
before teratogenicity assay, unfertilized coagulated

and ruptured eggs were discarded.

E. indica extract was diluted using embryo water
(Table 2) Hank’s solution by Westerfield, 2000.
Different concentrations (10000ppm, 5000ppm,
1000ppm, 500ppm) were prepared in which three

milliliters of each solution will be used.

Zebrafish (Danio rerio) teratogenicity and toxicity
assay

Three embryos were placed in each well of ELISA
plates containing three mililiters of each
concentration of E. indica extract together with three
fertilized eggs. Mortality, hatchability and
morphological abnormalities were examine and was
determined using a compound microscope for 12, 24,
and 48 hours post treatment application and photos
was taken using a camera. Number of heart rates and

the LC 50 were also noted.

Results and discussion

Antibacterial Activity of E. indica

Results as presented in Table 1 and Table 2 revealed
the potential of E. indica ethanol extract to inhibit the
growth of E. coli at all incubation period while no

inhibitory action against S. aureus was also revealed.

Against E. coli, zone of inhibitions were observed in
discs treated with ethanol extracts with 15.08 mm at
12 hrs of incubation, 14.04 mm at 24 hrs, 10.05 mm
at 36 hrs which was reduced to 2.78 mm at 48 hrs of

incubation (Table 1).

Table 1. Antibacterial activity of E. indica leaf extracts against E. coli.

E.indica extracts

Diameter zone of inhibition

12hrs 24hrs
Hot Water Extract 0.00P
Ethanol Extract 15.082
(-) Control 0.00P
(+) Control 11.832

0.00¢
14.04b
0.00¢
43.85

36hrs 48hrs
0.00P 0.00P
10.042b 2.78b
0.00P 0.00P
22.832 11.612

In the mean column, means having the same letter of superscript in the same column were not significantly

different from each other at 5% level of significance using DMRT.

Table 2. Antibacterial activity of E. indica leaf extracts against S. aureus.

E. indica extracts

Diameter zone of inhibition

12hrs 24hrs
Hot Water Extract 0.00P
Ethanol Extract 5.14b
(-)Control 0.00P
(+) Control 25.262

0.00P
0. 0o0P

0.00P
51.93%

36hrs 48hrs
0.00P 0.00P
0.00P 0.00P
0.00P 0.00P
46.402 30.33%

In the mean column, means having the same letter of superscript in the same column were not significantly

different from each other at 5% level of significance using DMRT.
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Statistically, the zones of inhibition observed in plates

treated with E. indica ethanol extracts were
comparable of those of streptomycin sulfate at 12, 24
and 36 hrs of incubation. Meanwhile against S.
aureus (Table 2), zone of inhibition was only
observed in ethanol extract at 12 hrs of incubation
with 5.14mm. Results showed the efficacy of ethanol

extract as antibacterial agent against the E.coli while

S. aureus to antibacterial drugs (Nair et al,
2005).This coincides with the study of Al-Zubairi et
al.( 2011) and Iberahim et al. (2015) wherein the
antimicrobial potential of E. indica were tested
.Antibacterial property of E. indica ethanol extract
can be attributed to the presence of several
phytochemical such as triterpenes, steroids, phenols,

fatty acids, essential oils , anthraquinones, anthrones,

lack of antibacterial activity against S. aureus was tannins, flavonoids, alkaloids, and coumarins
also exhibited. This could be due to high resistance of (Valentino et al. 2018).
Table 3. Mortality rate of D. rerio embryo.
Extract Concentration (ppm) Mortality rate (%) LC50
12hpa 24hpta 36hpta 48hpta
Ethanol 10000 1002 1002 1002 1002
5000 1002 1002 1002 1002
1000 0.00P 0.00P 0.00? 1002 2200 ppm
500 0.00P 0.00P 66.66P 1002
0.00 0.00P 0.00P 0.00°¢ 0.00
Hot water
10000 0.00P 0.00P 0.00¢ 33.33P
1000 0.00P 0.00P 0.00¢ 0.00P
5000 0.00P 0.00P 0.00¢ 0.00P 12890 ppm
500 0.00P 0.00P 0.00¢ 0.00P
0.00 0.00P 0.00P 0.00°¢ 0.00P

In the mean column, means having the same letter of superscript in the same column were not significantly

different from each other at 5% level of significance using DMRT.

Table 4. Hatchability of zebrafish embryos after 48 hours of exposure in various HWE and Ethanol extract

concentrations of E. indica leaves.

Extract Concentration (PPM) Hatchability (%)

Ethanol Extract 10000 0.00P
5000 0.00P
1000 0.00P
500 0.00P
0.00 1002

Hot Water Extract 10000 66.672
5000 1002
1000 1002
500 1002
0.00 1002

In the mean column, means having the same letter of superscript in the same column were not significantly different from each

other at 5% level of significance using DMRT.

These phytochemicals were proven as sources of
antibacterial efficacy (Krishnaraju, 2005). Flavanoids
cause inhibiting action to nucleic acid, cytoplasmic
membrane function, energy metabolism, attachment

and biofilm formation, porin on the cell membrane,

alteration of the membrane permeability, and
attenuation of the pathogenicity (Xie et al.2015).
Similarly, triterpenoids were active antibiotics both
for gram negative and positive bacteria (Awanchiri et

al. 2008).
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Table 5. Mean percentage heartbeat rate of zebrafish embryos after 36 hours of exposure in

various

concentrations of HWE and Ethanol Extract of E. indica leaf.

Extract Concentration (ppm) Heartbeat rate (per minute)

Ethanol Extract 10000 N.H
5000 N.H
1000 54.00P
500 20.66bc
0.0 148.002

Hot Water Extract 10000 30.004¢
5000 91.33bc
1000 84.66b¢
500 121.33%
0.0 148.002

Means in the same column having the same letter of superscript were not significantly different from each other at 5% level of

significance using DMRT. The N.H. means no heartbeat.

Teratogenic activity of E. indica

Mortality rate of D. rerio embryos: The mortality rate
of the embryos in different hours of exposure is
shown in Table 3. Mortality is indicated by the
coagulation of the embryo. In this study, 10000 ppm
to 5000 ppm of ethanol extract showed 100%
mortality as early as 12 hours while 100% mortality

was recorded in 1000ppm and 500ppm after 48 hrs

Table 6. Teratogenicity of various concentrations of E. indica leaves extracts at 12, 24,

exposure.

of incubation. For hot water extract, mortality was
only observed at 10000ppm concentration after 48
hrs of incubation with 33.33% mortality. At 24 hrs of
incubation the Lethality Concentration 50 of E. indica
ethanol extract was computed at 2200pmm and

12890ppm for hot water extracts.

36, and 48 hours of

Extracts Toxicological endpoints

Time of exposure (hour)

Concentration (%)

E. indica ethanol {gthal

extract Coagulation 12
24
36
48
No somites 12
24
36
48
No heartbeat 12
24
36
48
Tail not detached 12
24
36

(o] 0.05 0.10 0.50 1

+ o+ o+ o+
+ o+ o+ o+

+ o+ o+ o+
+ o+ o+ o+
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Teratogenic 12 - -

Malformation of head 24 - -

36 - -

+ o+ o+ o+

Malformation of tail 48 - -

12 - -
24 - - -
36 - - -
Scoliosis 48 - - +
12 - - -
24 - - -
36 - - -
Stunned Tail 48 - - -

+ o+ o+ o+ o+ o+ o+ 4+
+ o+ o+ o+ o+ o+ o+ 4+

12 - - -
24 - - -
36 - - -
Growth retardation 48 - - -

12 - - -

24 - - -
36 - - -

+ o+ o+ o+
+ o+ o+ o+ o+

Limited Movement 48 - - -

12 - - -

24 - - - - -
36 - - - - -

Note: (+) = presence, (-) =absence.

This suggest that at 2200ppm (ethanol extracts) and though it ehibit various functional activities such as
12890ppm (hot water extracts), 50% of embryo will antibacterial, anti-oxidant it can also pose toxic
die after 24 hours of exposure. Teratogenecity of E. actions to the developing embryo (Jahfar, 2003).

indica can also be attributed to the phytochemicals,

Table 7. Teratogenicity of various concentrations of E. indica hot water extracts at 12, 24, 36, and 48 hours of

exposure.

E. indica Toxicological endpoints Time of exposure (hour) Concentration (%)
Hot water Extract Lethal

Coagulation 12
24 - - - - _
36 - - - - -

No somites 48 - - - - -
12 - - - - _
24 - - - - _
36 - - - - -

No heartbeat 48 - - - - -
12 - - - - _
24 - - - - _
36 - - _

Tail not detached 48 - - -
12 - - - - -
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36 - - - - -
48 - - - - -
Teratogenic 12 - - - - -
Malformation of head 24 - - - - -
36 - - - - -
Malformaton of tail 48 - - - - -
12 - - - -
24 - - - -
36 - - - -
Scoliosis 48 - - - -
12 - - - - -
24 - - - - -
36 - - - - -
Stunned tail 48 - - - - -
12 - - - -
24 - +
36 - + - -
Growth retardation 48 - +
12 - - - - -
24 - - - - -
36 - - - - -
Limited movement 48 - - - - -
12 - - - - -
24 - - - - -
36 - - - - -
48 - - - - -

Note: (+) = presence, (-) =absence.

Hatchability rate of D. rerio embryos: Effective is presented in Table 4. As recorded, 100% of zebra
hatching process is anticipated in normal embryos. fish hatched only at different concentrations of hot
The observed hatchability of the embryos exposed in water extract of E. indica.

different treatment concentrations of E. indica plant

Fig. 1. The different morphological abnormalities of embryos treated with HWE and EOH extract of E. indica (A)
stunted-tail at 1% HWE of E. indica in 12 hpta. (B) growth retardation in 1% EOH extract in 12 hpta. (C) yolk
deformity in 1% EOH. extract in 12 hpta.

Heartbeat rate of D. rerio embryo: In this study, D. rerio embryonic development. Heartbeat rates of

heartbeat rates were observed at pharyngula stage of D. rerio embryos exposed in different treatment
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concentrations of E. indica extracts are presented in
Table 5.

No visual heartbeat was observed in embryos after 36
hpta exposure in 10000 ppm, and 5000 ppm of E.
indica ethanol extract due to coagulation as early as
12 hpta. These results clearly states that the higher

the concentration on ethanol extract of E. indica, the

more toxic it gets to D. rerio embryos. However, a

mean heartbeat rate was recorded in hot water extract
with 30/min, 91/min, 84.66/min and 121.33/min at
10000, 5000, 1000 and 500 ppm whereas in ethanol
extract a mean heartbeat rate of 54/min and
20.66/min were recorded at 1000 ppm and 500 ppm.
All of which are significantly lower than control with a
heart rate of 148 beats/min. Therefore, exposure of
zebrafish to different concentrations of E. indica

extracts resulted to decreasing heartrate.

Fig. 3. Development of zebrafish embryo exposed on various concentration of the E. indica hot water extract

after 12, 24, 36 and 48 hpta.

Malformation of the zebra fish embryo as influenced
by E. indica extracts

Teratogenic effects were detected in different
developmental stages of embryos exposed with
various concentrations of leaves of E. indica (Fig. 1).
Embryo with tail malformations of the embryos were
mostly bent tail at 1000 ppm of E. indica leaves

ethanol extract at 48 hpta and head malformation at

12 hpta. Moreover, growth retardation and curvature
of scoliosis was observed at 5000 ppm concentration
of E. indica ethanol extract (Table 6; Fig. 2).

Meanwhile, on hot water extract of E. indica(Table 7;
Fig. 3), malformation of the tail was observed at
10000 ppm at 12hpta whereas, stunned tail was
observed oat 24hpta. Lastly, no growth retardation

was observed in zebra fish treated with hot water
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extract of E. indica. Similar observations were made
that some medicinal plants may cause abnormalities
in specific parts of the developing embryo, it may not
affect the mother but is harmful to the developing
young (Baradaran. 2014).

The chemicals in medicinal plants may be natural to
the plant, but foreign to the human body and may be
harmful resulting in issues of safety and efficacy
(Arsad et al., 2012). Additionally, flavonoids regulate
growth and development which could be a protective
mechanism against pathogens and solar radiation
which could be harmful or beneficial(Talhi and Silva
2012; Agati, 2012).

Conclusion

Based from the results of the study it can be
concluded that ethanolic extract of E. indica leaves is
a potent antibacterial remedy against E. coli. In
addition, teratogenicity of E. indica caused mortality
with LC50 of ethanol and hot water extracts at 2200
respectively, and

ppm and 12890 ppm,

malformations of the zebra fish.
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