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ABSTRACT

The present study was designed to investigate the antibacterial, cytotoxic and insecticidal activities of the methanol
(85%) extract of barks of Hibiscus sabdariffa (MEHS). Antibacterial tests were done against six Gram-positive and eight
Gram-negative bacteria using disc diffusion method. The extract showed the highest activity against Escherichia coli (14%
0.21 mm) followed by Shigella dysenteriae (13+ 0.09), Sarcina lutea (13 0.13mm), Shigella boydii (12+ 0.12mm) and
Staphylococcus aureus (12+ 0.12mm) whereas inactive against Bacillus subtilis, B. megaterium, B. anthracis and B. cereus.
The cytotoxic activities of crude extract was determined using Brine Shrimp lethality Bioassay and LCs, values of standard
Vincristine sulphate as a positive control and the crude extract were found to be 0.21+0.19ug/ml and 9.605+0.21ug/ml
respectively. In insecticidal study, MEHS showed the significant activity with 100% mortality rate of Tribolium castaneum at a

dose of 50mg/ml with 12 hours and also showed the activity in a dose dependent manner.
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INTRODUCTION

Globalization interferes with infectious disease
control at the national level while microbes move freely
around the world, unrestricted by borders, human
responses to infectious diseases and are conditioned by
jurisdictional boundaries [1]. According to WHO,
important progress has been made in controlling major
infectious diseases. About 43% of total deaths occurred in
developing countries due to infectious diseases in recent
years [2]. Bangladesh, being a country with high density of
population, infectious diseases becomes a great challenge
in the health and economic sector. Multiple drug resistance
has developed due to the indiscriminate use of commercial
antimicrobial drugs commonly used in the treatment of
infectious diseases. This results in the need of higher dose
use with increased risk of drug toxicity or consideration to
change the regimen. In addition to this problem, antibiotics
are sometimes associated with adverse effects on the host
including hypersensitivity, immune-suppression and
allergic reactions. This situation force scientists to search
for new antimicrobial substances. Similarly, freedom from
insect invasion and contamination has become an

important consideration in storage of grain and to maintain
high quality food product by preventing them from attack

of the most frequently invading organisms [3]. Nearly one
thousand species of insects have been associated with store
products throughout the world. Tribolium castaneum
(Herbst) is considered to be a major pest of stored grains.
In Bangladesh Tribolium castaneum is abundantly found
in stored grains of different cereals. Control of these
insects relies heavily on the use of synthetic insecticides
and fumigants, which has led to problem such as
disturbances of the environment, increasing cost of
application, pest resurgence, resistant to pesticides and
lethal effects on non-target organism in addition to direct
toxicity to users [4]. So there is an immediate need to
develop safe alternatives with low cost, easy to use and
friendly to the environment. Various medicinal plants and
plant products have been used for years in daily life to
treat diseases all over the world. Medicinal plants are
important source of traditional and synthetic medicines
containing different types of organic compounds having
therapeutic properties. In Bangladesh thousands of species
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are known to have medicinal value and the use of different
parts of several medicinal plants to cure specific ailments
has been in vogue since ancient times [5]. Hibiscus is one
of the most common flower plants grown worldwide.
There are more than 300 species of hibiscus around the
world. One of them is Hibiscus sabdariffa Linn which is a
member of the plant family, Malvaceae. It is commonly
referred to in English as ‘Roselle’, and in Bangladesh, it is
known as Chukair or mesta [6]. The plant is mainly
cultivated for its leaves, stem barks, seeds and calyces [7].
H. sabdariffa has been reported to possess biological
activities like antihypertensive, anticancer,
antihyperlipidemic, antioxidant, anticonvulsant,
anxiogenic, analgesic, CNS-depressant, serotoninergic
activities, reducing oxidative liver damage, anti-
inflammatory, antimicrobial and hypoglycemic activity [8,
9, 10, 11]. H. sabdariffa fruit has been used in medicine
for its antiinflammatory, antioxidant and anticholesteromia
properties [12, 13]. It also reported that H. sabdariffa
extracts inhibit cytotoxicity and genotoxicity of
hepatocytes as well as inhibit xanthine oxidase activity.
Increased consumption of Hibiscus sabdariffa is thought to
prevent certain degenerative diseases. The physico-
chemical characteristics revealed that Roselle are health
protective foods containing a number of essential nutrients
such as vitamin A, vitamin C, minerals, carotene and
dietary fiber [14]. Based on these reports our studies have
been designed to examine the antibacterial, cytotoxicity
and insecticidal activities of methanol extract of H.
sabdariffa barks as there are no scientific reports of barks.

MATERIALS AND METHODS
Plant Material

The barks of H. sabdariffa, were collected from
Gazipur, Dhaka, Bangladesh and were identified by the
experts of Bangladesh National Herbarium, Dhaka, where
voucher (verifier) specimen have been kept for further
reference. The collected plant parts were dried under shade
and pulverized (fine-grained) into coarse powders with the
help of a suitable grinder. The powders were stored in an
airtight container and kept in a cool, dark and dry place
until analysis commenced.

Preparation of the Extract

About 120gm of powdered material of each
individual plant was taken in a clean, flat bottomed glass
container and soaked in 200ml of 85% methanol. The
container with its contents was sealed and kept for a period
of 7 days accompanying occasional shaking and stirring.
The whole mixture then underwent a coarse filtration by a
piece of clean, white cotton material. Then it was filtered
through Whatman filter paper (Bibby RE200, Sterilin Ltd.,
UK). The filtrate (methanol extract) obtained was
evaporated using rotary evaporator. The semi-solid mass
of each individual extract was stored in a closed container
for further use and protection.

Screening of Antibacterial Activity

The antibacterial activity of the plant extract was
performed by disc diffusion technique [15] which is highly
effective for rapidly growing microorganisms. All the
microorganisms used in this study were collected as pure

cultures from the Institute of Nutrition and Food Science
(INFS), University of Dhaka, Bangladesh. The sample
solution of the material to be tested was prepared by
dissolving a definite amount of material in respective
solvent (1ml) to attain a concentration of 500pg/disc. The
test microorganisms were inoculated into respective
medium by spread plate method with 24h cultured
bacteria, grown in nutrient agar medium. After
solidification the filter paper disc (5mm diameter)
impregnated with sample, the standard antibiotic
(Kanamycin-30ug/disc) as positive and as negative
controls, a blank disc impregnated with 10ul respective
solvent was used.

The MEHS was tested against six Gram- positive
and eight Gram negative (Bacillus megaterium, Bacillus
subtilis, Bacillus  cereus, Bacillus  anthracis,
Staphylococcus aureus, Sarcina lutea, Salmonella
paratyphi, Salmonella typhi, Vibrio parahemolyticus,
Vibrio mimicus, Escherichia coli, Shigella dysenteriae,
Pseudomonas aeruginosa & Shigella boydii) bacteria. The
arrangement of discs was such that they were not closer
than 15mm to the edge of the plate to prevent overlapping
the zone of inhibition. Then the plates were left in a
refrigerator at 4°C for 12-18hrs in order to diffuse the
material from the discs to the surrounds media in the Petri
dishes. The Petri dishes were then incubated at 37°C for 24
hrs to allow the bacterial growth. The antibacterial
activities of the extracts were then determined by
measuring the respective zone of inhibition in mm. After
incubation the antibacterial activities of the test material
were determined by measuring the respective diameter of
the zone of inhibition in terms of millimeters (mm) with a
transparent scale and the experiment was done in triplicate.

Screening of Cytotoxicity Activity

The Cytotoxic activity of the plant extract was
evaluated using Brine Shrimp lethality bioassay method
[16]. Here simple zoological organism (Artemia salina)
was used as an expedient monitor for the screening. The
eggs of the brine shrimp, Artemia salina, were collected
from an aquarium shop (Dhaka, Bangladesh) and hatched
in artificial seawater (3.8% NaCl solution) for 48hr to
mature shrimp called nauplii. The test samples (extract)
were prepared by dissolving them in DMSO (not more
than 50pl in Sml solution) plus sea water (3.8% NaCl in
water) to attain concentrations — 2.5pg/ml, Spg/ml, 10
pg/ml, 20pg/ml, 40pg/ml, 60pg/ml, 80 pg/ml, 100 pg/ml,
and 120pg/ml. A vial containing 50ul DMSO diluted to
5ml was used as a control. Then matured shrimps were
applied to each of all experimental vials and control vial.
The number of the nauplii that died after 24 hr was
counted. The median lethal concentration LCsy of the test
sample after 24 h was obtained by a plot of percentage of
the dead shrimps against the logarithm of the sample
concentration. Vincristine sulphate was used as a reference
standard in this case.

SCREENING OF INSECTICIDAL ACTIVITY
Collection of Test Insects

The present experiment was carried out using
insects Tribolium castaneum which were collected from
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the stock cultures of the Crop Protection and Toxicology
Laboratory, University of Rajshahi, Bangladesh.

Insecticidal Assay

To conduct surface film activity test 60 mm petri
dishes were taken for the extracts and their replication.
The sample solutions were prepared (2.5 mg/ml, 5 mg/ml,
10 mg/ml, 20 mg/ml, 40 mg/ml and 50 mg/ml) by
dissolving the extract into respective solvent. Then they
were poured into the lower part of the petri dish and
allowed them to dry out. Then insects were released in
each of the treated petri dish. A control experiment
applying only the solvent into the petri dish, was also set at
the same time under the same conditions [17]. After
completing all the arrangements, treated petri dishes were
placed in a secured place at room temperature. The whole
experiment was observed from time to time and mortality
was observed first after 30 minutes from the start and then
after 1, 2, 4, 8, 12 and 48 hrs of exposure and the data was
recorded. A simple microscope was used to check each
and every beetle by tracing natural movement of its
organs. In some cases hot needle was taken closer to the
bodies (without movement) to confirm death. Attention
was also paid to recover the insects if occurred. The
mortality records of the Tribolium castaneum adults were
corrected by the Abbott’s formula [18].
P. = (Po— P\ 100 — P.) x 100
P, = Corrected mortality%; P, = Observed mortality%; P,
= Control mortality%, sometimes called natural
mortality%.

Statistical Analysis

All assays were performed in triplicates under
strict aseptic conditions to ensure consistency of all
findings. Data of all experiments were statistically
analyzed and expressed as the meantstandard deviation of
three replicate experiments.

RESULT AND DISCUSSION

Table 1 shows the antibacterial activity (zone of
inhibitions) of the MEHS barks. The extract at a dose of
500pg/disc showed moderate antibacterial activity against
Salmonella paratyphi, Pseudomonas aeruginosa, Vibrio
mimicus and Vibrio parahemolyticus with the zone of
inhibition range 8+ 0.15 to 10+ 0.23 mm. The highest zone
of inhibition was found against Escherichia coli (14+ 0.21
mm) followed by Shigella dysenteriae (13+ 0.09), Sarcina
lutea (13 0.13mm), Shigella boydii (12+ 0.12mm) and
Staphylococcus aureus (12+ 0.12mm) where as the lowest
activity was shown against Salmonella typhi (7 0.11mm).
On the other hand MEHS barks showed no activity against
Bacillus subtilis, B. megaterium, B. anthracis, and B.
cereus.

Plant extracts having the compounds tannins [19,
20], flavonoids [21, 22], saponins [23, 24], terpenoids
[25], alkaloids [26, 27] have been documented for
antimicrobial activities. Previous Phytochemical studies of
this plant revealed that cardiac glycosides, alkaloids,
saponins, flavonoids [28] as well as steroids [29] are the

main chemical constituents of Hibiscus sabdariffa. So, the
antimicrobial activity showed by the extract of H.
sabdariffa may be due to presence of such type of
phytoconstituents. Antibacterial effects of this plant
extracts against E. coli, Pseudomonas aeruginosa Shigella
dysenteriae and S. aureus suggest that they may possess
remarkable therapeutic action in the treatment of
gastrointestinal infection and diarrhoea in man and skin
diseases [28].

The result of Brine Shrimp lethality bioassay is
given in Table 2. The MEHS barks were found to be
potent against brine shrimps with LCs, value of
9.605+0.21pug/ml. The Brine Shrimps lethality was found
to be concentration-dependent.

The brine shrimp lethality assay (BSL) has been
used extensively in the primary screening of the crude
extracts as well as the isolated compounds to evaluate the
toxicity towards brine shrimps, which could also provide
an indication of possible cytotoxic properties of the test
materials [16]. It has been established that the cytotoxic
compounds generally exhibit significant activity in the
BSL assay, and this assay can be recommended as a guide
for the detection of antitumor and pesticidal compounds
because of its simplicity and low cost [30]. Earlier reports
in several plant extracts showed a good correlation of this
bioassay with the cytotoxic activity [30]. The assay also
exhibited a good correlation with cytotoxicity in cell lines
such as 9KB, P388, L5178Y and L1210 [31, 32]. In the
present study the extract of MEHS displayed considerable
general toxicity & different mortality rate towards shrimp
nauplii (Table 2).

The mortality rate of nauplii was found to be
increased in concentration of each of the samples. The
inhibitory effect of the extract might be due to the toxic
compounds present in the extract such as saponins,
alkaloids and cardiac glycosides that possess ovicidal and
larvicidal properties. The metabolites either affected the
embryonic development or slay the eggs [33]. So the
cytotoxic effects of the plant extracts enunciate that it can
be selected for further cell line assay because there is a
correlation between cytotoxicity and activity against the
brine shrimp nauplii using extract [34]. The brine shrimps
lethality further supports the antibacterial activities of H.
sabdariffa on some pathogenic organisms observed in this
study.

For insecticidal activity MEHS barks have shown
100% mortality rate of Tribolium castaneum at a dose of
50mg/ml in 12 hours. Since the extract have strong
insecticidal activity, dose dependent activity was done,
where 6 graded doses (viz. 50, 40, 20, 10, 5 and 2.5
mg/ml) were used and the percentage of mortality were
100, 98.53, 92.66, 80.53, 53.66, and 38.33% at the dose of
50, 40, 20, 10, 5 and 2.5mg/ml, respectively (Fig 1).

It is noteworthy that carbohydrates, saponins,
phytosterol, phenol, flavonoids and tannins have possessed
larvicidal activity [35]. Therefore, saponins, flavonoids,
cardiac glycosides as well as other secondary metabolites
of this investigated plant may explain the toxic effect in
the studied insects.
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Table 1. In vitro antimicrobial activity of MEHS barks

Diameter of zone of inhibition (mm)
Bacterial Strain PStd. (30ug/disc) MEHS (500pg/disc)
Gram positive
Bacillus megaterium 30+0.12 NA
Bacillus subtilis 23+0.02 NA
Staphylococcus aureus 26 +0.10 12+ 0.12
Sarcina lutea 24 £0.13 13+ 0.13
Bacillus anthracis 23+0.23 NA
Bacillus cereus 24 +0.03 NA
Gram negative
Escherichia coli 22+0.22 14+ 0.21
Pseudomonas aeruginosa 25+0.13 9+0.21
Salmonella paratyphi 25+0.02 8+0.15
Salmonella typhi 25+0.15 7+0.11
Shigella boydii 25+0.17 12+0.12
Shigella dysenteriae 25+£0.11 13+ +£0.09
Vibrio mimicus 28 +0.02 10+ 0.14
Vibrio parahemolyticus 26 £0.19 10+ 0.23

®Values of the observed diameter inhibition zone (mm) excluding cap diameter. Incubation conditions for bacteria — 24 hours
at 37°C. Assay was performed in triplicate and results are the mean of three values+Standard Deviation. "Reference standard;
anamycin. NA- Zone of inhibition <5 mm is considered as no activity.

Table 2. Brine Shrimp Lethality Bioassay of MEHS barks

Test Concentration log C No. of dead % of LCx of test LCs, of vincristine
Sample C (ug/ml) Shrimps (out of 10) | mortality sample (ug/ml) sulphate (pg/ml)
2.5 0.398 3 30
5 0.699 4 40
10 1 5 50
20 1.301 6 60
MEHS 40 1.602 7 70 9.605+0.21 0.21+0.19
60 1.778 8 80
80 1.903 8 80
100 2 9 90
120 2.079 10 100

bt
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Fig 1. Insecticidal effects of MEHS barks on Tribolium castaneum

wadl

= (mg ml)

CONCLUSION

In conclusion, the results of the present study are
in agreement with the previous study and indicated that
the extract exhibited more cytotoxic, insecticidal and
antimicrobial properties than previous study. As a result of
strong cytotoxicity, insecticidal and antibacterial activity,
MEHS barks would be considered as anticancer,

insecticidal and antibacterial agent but further studies will
be carried out for toxic and safe dose of the extract.
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