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The in vitro antibacterial and cytotoxicity activities of crude methanolic extract
of the stem bark of Erythrina caffra Thunb. was investigated. MIC and MBC were used for
the antimicrobial assay while the cytotoxic activity of the plants extract was determined
using brine shrimp lethality test. In this study, the extract was active against all the
Gram-positive and Gram-negative bacteria investigated with Pseudomonas aeruginosa,
Proteus vulgaris, Enterococcus faecalis and Micrococcus luteus being the most
susceptible. The extract exhibited antibacterial activities with inhibition zones being
concentration dependent. At the highest concentration (4500 ug/ml), the extract produced
inhibition zones ranging between 18 and 22 = 1.00 mm. While the agar dilution indicated
that the bacteria were susceptible at concentrations ranging between <100 and < 1000 ug/
ml, the macrobroth dilution showed that the MICs of the methanolic extract ranged
between 20 ug/ml and 2500 ng/ml and the brine shrimp lethality assay indicated that the
LC,, and LC,, were 40.22 ug/ml and 56.66 ug/ml respectively. Although the extract was
effective against the two groups of bacteria, the Gram-negative bacteria were more
susceptible to the extract than the Gram-positive bacteria. The ability of this extract to
inhibit bacteria at low concentrations is an indication of its broad spectrum antibacterial
potential which may be exploited in the management of microbial infections. The study,
therefore, suggests that there are phytochemical constituents in the extract which could
serve as a source of chemotherapy drugs useful in the treatment of infections and justifies
the use of Erythrina caffra traditionally for the treatment of gastroenteritis in the rural
communities.
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Plant-derived medicines have been part
of traditional health carein many partsof theworld
because the antimicrobial properties of their
components are well documented'2. These
documentations resulted from the systematic
screening of these plants in attempts to discover
novel effective compounds’(Tomoko et al., 2002).
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Whilemany of theidentified compounds have been
found to be effectivein the treatment of infectious
diseases and simultaneously mitigating many of
the side effects that are often associated with
synthetic antimicrobials*, Chemical constituents
in plants with great potentials for medicinal use
arenow being explored by both traditional healers
and pharmaceutical drug companies™’.

Apart from the significance agelong roles
played by plantsin traditional health-care delivery
in most parts of the world, there is increasing
interest in plants as sources of agents to fight
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microbial diseases®. While World Health
Organization has recognized medicinal plants as
the best sources for obtaining a variety of
synthetic drugs, national and international policies
are recently encouraging complementary
alternative medicinesin order to create a balance
between modern and traditional medicine. Today,
intense studies have been focused on determining
whether traditional uses of plants are supported
by actual pharmacological effectsor merely based
onfolklore®®, Accordingly, many of themain active
ingredients responsible for these antimicrobial
activitiesin plantshave been identified andisolated
in various studiest**2,

Erythrinais a genus of flowering plants
in the pea faily, Fabaceae. It contains about 130
species which are distributed in tropical and
subtropical regions worldwide with approx 100
Erythrinain the warm regions of theworld®. Nine
of these trees are found in southern Africa where
the most common species are probably the
Erythrinalysistemon and Erythrina caffra growing
up to 30 min height. Erythrina caffra Thunb. isa
tree nativeto southeastern Africaand Mozambique.
It is often cultivated and has introduced
populationsin Indiaand Kenya'“. Various parts of
this plant are commonly used in African folk
medicine for stomach pain and microbial
infections'>). Although the bark of E. caffrais
used topically to treat sores, wounds, abscesses
and arthritis, ethnobotanical studies' indicated
that the traditional uses of this plant strongly
suggest antibacterial, anti-inflammatory, anti-
blood-clotting and analgesic effects. Erythina
species have many physiologically active
alkaloids®. Though known to be highly toxic,
Erythrina alkal oids are attractive synthetic targets
resulting from their usein indigenous medicine'®,
Prenylated flavonoids, prevalent in the stem and
root bark?:?2, however, display a variety of
biological activities.

Though different Erythrina species is a
medicinal plant of pharmacological importance,
thereisadearth of information on the antibacterial
and cytotoxic activities of crude methanol extract
of Erythrina caffra Thunb. The ethnobotanical
data of this plant prompted an investigation into
its antibacterial activity. Hence, the present study
was aimed at investigating the antibacterial and
brine shrimp toxicity potential of the methanolic
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stem bark extract of E. caffrain order to validateits
ethnomedicina use in the treatment of diarrhea
and dysentery infections.

MATERIALS AND METHODS

Plant collection and identification

The bark materials of E. caffra were
collected from the plant growing within the
University of Fort Hare campus in Alice, South
Africa. The plant was authenticated in the
Department of Botany and a voucher specimen
was prepared and deposited in the Griffen
Herbarium of the University. The bark sampleswere
air-dried at room temperature and pulverized with
a milling machine before extraction. The water
extract was prepared by soaking 100 g of the
pulverized samplein 500 ml of methanol. Themixture
was allowed to stand for 72 h on rotary shaker
(Stuart Scientific Orbital Shaker, UK) before being
filtered through Whatman No. 1 filter paper. The
filtrate was concentrated under reduced pressure
using arotary evaporator (Laborota4000 - efficient,
Heldolph, Germany) at 50°C. The crude extract
collected was allowed to dry at room temperature
to aconstant weight. The dried crude extract was
redissolved in methanol before being diluted with
steriledistilled water to the required concentrations
for the bioassay. The corresponding concentration
was expressed as |ug of extract per ml of solvent
(ug/ml).

The reconstituted extract solution was
sterilized by filtering through 0.45 um membrane
filter. The sterility of the extract after membrane
filtration was confirmed by introducing 2 ml of this
extract into 10 ml of sterile nutrient broth and
incubated at 37°C for 24 h. A sterile extract was
indicated by absence of turbidity in the broth after
the incubation period?.

Test organisms

Twelve bacteria used in this study
included Staphylococcus aureus ATCC 6538,
Bacillus cereus ATCC 10702, Bacillus pumilus
ATCC 14884, Pseudomonas aeruginosa ATCC
19582, Proteusvulgaris CSIR 0030, Acinetobacter
cal coaceuticus anitratus UP, Micrococcus luteus,
ProteuswvulgarisKZN, Enterobacter faecalisKZN,
Salmonella typhi ATCC 13311 and Escherichia
coli ATCC 25922. These strainswere obtained from
the Department of Biochemistry and Microbiology,
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University of Fort Hare, Alice, South Africa. The
organisms were maintained in nutrient broth and
nutrient agar (Biolab) while Mueller Hinton |1 Agar
and broth (Biolab) were used for susceptibility,
minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) assay.
Deter mination of zonesof inhibition

The susceptibility screening of the test
bacteriato the crude methanolic stem bark extract
of Erythrina caffra and ciprofloxacin, used as
control, was carried out in accordance with the
methods described by Irobi et al.?* and Akinpelu
et al.”®. Theinoculum of each test bacterial strain
was standardized at 5 x 10°cfu/ml using McFarland
Nephe-lometer standard?. The antibacterial
activity was determined by using the modified
Kirby-Bauer diffusion technique®” involving
swabbing Mueller-Hinton agar (MHA) (Oxoids
Ltd, Basingstoke, Hampshire, UK) plateswith the
resultant saline suspension of each adjusted
bacterial strain. Wells were bored into the agar
media with a sterile 6 mm cork borer. The wells
werefilled with 100 ul of different concentrations
(750, 1500, 3000 and 4500 pg/ml) of the extract and
ciprofloxacin (2.5 and 5 pg/ml) without allowing
spillage of the extract solution onto the surface of
the agar. The plates were allowed to stand on the
laboratory bench for 1 hto allow proper diffusion
of the extract before being incubated at 37°C for 24
h. Wellsin Mueller Hinton agar plates containing
5% methanol representing the final methanol
concentration in thetest plates without the extract
served as positive controls. Assays were
performed in duplicates. After 24 h incubation
period, the diameters of the inhibition zone
produced by different concentrations of the extract
solutions were measured in millimeters® and
interpreted using the CLSI zone diameter
interpretative standards®.
Antimicrobial assay by agar dilution methods

To determine the antibacterial activity of
the extract by the agar dilution method described
by Afolayan and Meyer®, different concentrations
of the extract ranging between 100 and 10000 pg/
ml were prepared in molten Mueller Hinton agar
maintained in awater bath at 50°C and used for the
agar dilution assay. One hundred microlitres (100
ul) of the standardized bacterial cultures were
aseptically dispensed and spread evenly on the
agar plates. Two Mueller Hinton agar plates
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containing 5% methanol representing the final
methanol concentration in the test plates without
the extract served as negative controls. Another
two blank plate containing only Mueller Hinton
agar served as negative controls. Plates were
incubated at 37°C for 24 h. Each test was donein
duplicate and any test agar plate lacking visible
growth was considered the minimum inhibitory
concentration of the extract.

Macrobroth Dilution for Determining Minimum
Inhibitory Concentration (MI1C)

Minimum inhibitory concentration (MI1C)
defined asthelowest concentration which resulted
in maintenance or reduction of inoculums'’ viability
was determined by serial tube dilution technique
for the bacterial isolates. Different concentrations
(19.5 — 10000) pg/ml of the crude extract was
differently prepared by serial dilutions in the
Mueller Hinton broth medium. Each tubewasthen
inoculated with 100 ul of each of the adjusted
bacterial strain. Two blank Mueller Hinton broth
tubes, with and without bacterial inoculation, were
used as the growth and sterility controls. The
bacteria containing tubes wereincubated at 37 °C
for 24 h. After the incubation period, the tubes
were observed for the MICs by checking the
concentration of the first tube in the series
(ascending extract concentrations) that showed
no visible trace of growth. The first tube in the
series with no visible growth after the incubation
period wastaken asthe MIC. The MIC, therefore,
was the lowest concentration of the extract that
yielded no visible growth after the incubation
period.

Determination of Minimum Bactericidal
Concentrations(MBC)

The MBC was determined by sampling
all the macroscopically clear tubes and the first
turbid tube in the series. Before being sampled,
the tubeswere gently mixed by flushing them with
asterile pipette and a 100 pl aliquot wasremoved.
Each aliquot was placed on a sterile extract-free
nutrient agar platein asingle streak down the center
of the plate in accordance with the method of
Shanholtzer et al.,*. The sampleswere allowed to
be absorbed into the agar until the plate surface
appeared dry (after 30 min). The aliquot was then
spread over the plate by making a lawn of the
bacterial culture with a sterile cotton swab. The
MBC determining lawned plates were incubated
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for 24 h at 37°C. After theincubation periods, the
lowest concentrations of the extract that did not
produce any bacterial growth on the solid medium
were regarded as the MBC values for this crude
extract®. This observation was matched with the
MIC test tube that did not show evidence of
growth after 48 h of incubation. In order to elucidate
whether the observed antibacterial effects were
bactericidal or bacteriostatic, MIC, , (MBC/MIC)
ratios were calculated against each test strain.
MIC, ., ratios greater than 1 was considered
bacteriostatic. MIC,_, ratioslessthan or equal to
lwere considered bactericidal. If the ratio was
greater than or equal to 16.0, the extract was
considered ineffective.
Brineshrimp lethality test

The brine shrimp lethality test using the
larvae of brine shrimp nauplii, Artemia salina L
was carried out using the standard procedure®*=,
For the cytotoxicity assay different concentrations
(0.9765 - 125 pg/ml) of the extract were prepared
from the stock solution of the extract by serial tube
dilution technique in different vials. Ten nauplii
were transferred into each vial using Pasteur
pi pettes and were not given food because hatched
brine shrimp can survive for up to 48 h without
food® as they still feed on their yolk-sac¥. The
control vials were prepared using 5% methanol
only and the experiment wasreplicated threetimes.
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After 24 h of incubation, larvae were considered
dead if they did not exhibit any observable
movement during several seconds of observation.
Thenumbersof survivorsin each vial were counted
and percentages of mortality were calculated for
each concentration. The extract was regarded as
being mildly toxicif LC_,>30<100 ug/ml and non-
toxic if its LC_ is greater than 100 pug/ml in the
brine shrimp lethality assay®. The mean mortality
percentage and lethal concentrations (LC,)) and
(LC,,) were determined using statistical analysis
and the graph of Logarithm of concentration
against percent lethality®.

RESULTS

Theinitial screening of the antibacterial
activities of the extract was assayed in vitro by
the agar dilution and diffusion methods. The two
assay methods which are complementary showed
that the bacteriaexhibited varied susceptibility to
the extract at the different concentrations used.
The crude methanolic bark extract of E. caffra
inhibited all the tested Gram-negative and Gram-
positive bacteria producing concentration
dependent inhibition zoneswith varied sizes (Table
1). The degree of the antibacterial activity of the
extract on the test organisms was indicated by the
varied minimum inhibitory and bactericidal

Table 1. Inhibition zone diameters indicating activity of
the crude methanolic bark extract of Erythrina caffra Thunb

Average Inhibition Zone Diameters (+ 1.0 mm)

from agar diffusion assay
Ciprofloxacin Methanolic crude extract
25 5 750 150 3000 4500
Hg/ml

Micrococcusluteus 22 24 13 16 18 21
Proteus vulgaris KZN 20 23 10 14 16 19
EnterococcusfaecalisKZN 16 18 14 17 20 21
Staphylococcus aureus OK 17 20 12 14 17 19
Proteus vulgaris CSIR 0030 21 24 11 15 17 20
Bacillus cereus ATCC 10702 19 21 11 15 18 20
Escherichia coli ATCC 25922 19 22 13 15 17 29
Salmonella typhi ATCC 13311 18 20 14 17 19 21
Bacillus pumilisATCC 14884 18 20 13 17 20 22
Acinetobacter calcoaceuticus UP 16 19 14 17 18 21
Staphylococcus aureus ATCC 6538 19 21 12 16 18 20
Pseudomonas aeruginosa ATCC 19582 20 22 10 12 15 18
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concentrations (Table 2). In agar diffusion assay,
100 pl of 4500 pg/ml produced inhibition zones
ranging between (18- 22) + 1.00 mm and that of 750
pg/ml produced inhibition zonesranging (10 - 14)
+ 1.00 mm. The agar dilution indicated that the
bacteria were susceptible to the extract at
concentrations ranging between <100 and < 1000
pg/ml.

From the macrobroth dilution, the MICs
of the methanolic extract ranged between 20 pug/ml
and 2500 pg/ml while the MBCs ranged between
20 and 2500 pg/ml. Micrococcus luteus,
Pseudomonas aeruginosa (ATCC 19582),
Enterococcus faecalis KZN and Proteus vulgaris
CSIR 0030 had their MICsto belessthan 100 pg/
ml. Acinetobacter calcoaceuticus UP, Bacillus
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pumilusATCC 14884, Escherichiacoli ATCC 25922,
Proteus vulgaris KZN, Staphylococcus aureus
OK,,, Salmonella typhi ATCC 13311 and
Saphylococcusaureus ATCC 6538 had their MICs
less than or equaled to 625 pug/ml while Bacillus
cereus 10702 had ahigher MIC value greater than
1000 pg/ml. The MIC values of the extract were
higher than those of ciprofloxacin used asacontrol.
Whilethe crude extract was considered bactericidal
because more bacteria had MIC,_ . values equal
toland MIC,_,, greater than 1 was considered as
bacteriostatic, theinhibition zones obtained at the
lowest concentration, however, affirm the MIC
values of the extract obtained in the macrobroth
dilution assay and indicated its significant
medicinal potential. TheMBC valuesbeing similar

Table 2. Minimum inhibitory and bactericidal concentrations
(MIC/MBC) of the methanolic bark extract of Erythrina caffra Thunb

Ciprofloxacin Methanolic crude extract
Agar dilution Macrobroth dilution
MIC MIC  MIC(mg/ml) MBC(mg/ml) MIC,
pg/ml

Micrococcusluteus 0.156 <100 78 78 1.0
Proteus vulgaris KZN 0.313 <1000 625 625 1.0
EnterococcusfaecalisKZN 0.156 <100 39 78 2.0
Staphylococcus aureus OK 0.313 <1000 625 625 1.0
Proteus vulgaris CSIR 0030 0.156 <100 39 39 1.0
Bacillus cereusATCC 10702 0.078 < 2500 1250 2500 2.0
Escherichia coli ATCC 25922 0.020 <1000 625 1250 2.0
Salmonella typhi ATCC 13311 0.020 <1000 625 1250 2.0
Bacillus pumilus ATCC 14884 0.0391 <1000 625 625 1.0
Acinetobacter cal coaceuticus UP 0.313 <1000 625 625 1.0
Staphylococcus aureus ATCC 6538 0.313 <1000 625 625 1.0
Pseudomonas aeruginosa ATCC 19582 0.078 <100 20 20 1.0

Table 3. Cytotoxicity effects of methanolic stem bark extract
of Erythrina caffra on brine shrimps (Artemia salina) larvae

No. of Dead Shrimps/test

Conc. (ug/ml)  Total No. Test 1 Test 2 Test 3 Av. Mortality % Mortality Log. of Conc.
391 10 0 0 0 0 0 0.5922
7.8 10 1 1 2 1.33 133 0.8921
15.6 10 2 3 2 2.33 233 1.1931
313 10 4 3 4 433 433 1.6365
62.5 10 7 6 7 6.67 66.7 1.7959
125 10 10 10 10 10 100 2.0969

LC,, = 40.22 pg/miLC90 = 56.66 pg/ml
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or two-fold higher than the MIC valuesindicated
that the extract would be more bactericidal than
being more bacteriostatic at very lower
concentrations.

The cytotoxic activity of the plants
extract was determined using brine shrimp lethal ity
test. Based on the percentage mortality, the LC,
and L C,, of the extract was determined using probit
scale®. Methanol extract of E. caffra showed
different mortality rate of brine shrimp which
increased proportionally with the increasing
concentration of the extract (Fig. 1). TheLC, and
LC,, were40.22 pg/ml and 56.66 pg/ml respectively
asshown in Table 3.

100 *
v 62 40%- 44.24
R= 0928

*

+ % Mortahity

10 Linear (%s Mortality)

% mortality of brine shrimps

Logarith of conecentrations (ng/ml)

Fig. 1. Graph of logarithm of concentrations
versus percentage mortality of brine shrimpsinteracted
with crude methanolic extract of the bark of E. caffra

DISCUSSION

Plants are the natural reservoir of many
antimicrobial and anticancer agents. They produce
some chemical constituents which are naturally
toxicto bacteriaand fungi**. Contrary to the genera
reports of many workers who had indicated that
Gram-positive bacteria are more susceptible to
plant extractsthan Gram-negative bacteria®>* the
Gram-negative bacteria were more susceptible to
the methanolic extract of E. caffra than the Gram-
positive strains. Theactivity of the extract, however,
agreed with earlier reports indicating that plant
extract show good inhibitory effect against Gram
negative bacteriawithlow MIC and MBC*#. Since
Van Den Berghe and Vlietinck® reported that an
antibacterial effect obtained from*/, dilution only
islesspromising for further investigationin liquid
screening methods, the antibacterial activity of
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higher plantsobtained from*/,, /,and '/, dilutions
is worthy of further investi-gation. Considering
thedegree of antibacteria activitiesandtheMIC,_
values obtained from this study, the broad
spectrum antibacterial potential of the extract and
itsability to inhibit the growth and proliferation of
infectious and opportunistic pathogens in both
healthy and immunocompromised patients in a
disease state may not be over-emphasized.
Although the activities of the extracts may be
bacteriostatic at lower concentrations, MIC,_
indicated bactericidal effect at higher
concentrations. These correlate with some
previous studies documenting the inhibitory
effects of methanol extracts of some other
plants*®°,

Also, consistent with the earlier reports
of Kubmarawa et al.*!, the antibacterial activities
of the crude extract were lower than that of the
ciprofloxacin used as control. This significant
difference could be due to the extract being crude
and contained other constituents that do not
possess antibacterial property or inhibitory to the
antibacterial agentsin the extracts. Thismay also
be attributed to the presence of very little quantity
of bioactive compounds in the extract or large
molecular weight bioactive compounds difficult to
diffuse across the exposed lipid domains of the
outer membrane. In any case, the total activity of
the extract is very high® and the antibacterial
activities demonstrated that there are bioactive
compounds inhibitory to the microorganisms in
the extract at lower concentrations. Thus, the
antibacterial activity of the extract may be due to
the presence of flavonoids, phenals, tannins and
triterpenoids earlier implicated in pharmacol ogical
activities of medicinal plants®®. It may, aso, be
dueto thefact that triterpenoidsin d plant weaken
the membranous tissue resulting in dissolution of
microbial cell walls® while its tannins form
irreversible complexeswith prolenerich proteinto
inhibit cell wall synthesis™.

Although studies on the toxicological
effects of plant extractsare, at times, disregarded,
somereports haveindicated antimicrobial screening
together with other pharmacol ogical investigations
including toxicity®"®, Solis et al.,* and Mackeen
et al.,® showed that there is a good relationship
between brine shrimp lethality and pharmacol ogical
activities of terrestrial plant extractsasit hasbeen
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used to predict the presence of bioactive
compounds in the extract* and detect general
toxicity®. While acompound or an extract with an
LC,, vauegreater than 100 ug/ml was considered
inactive® and invitro antimicrobial activity could
provide the needed preliminary observations
necessary to select medicinal plants with
potentially useful properties for the development
of novel antibiotic prototypes®, the cytotoxicity
test in thisstudy showed that the methanolic extract
of thisplant wastoxicto brine shrimp larvae giving
LC,, and LC,, values below 100 pg/ml.
Consequently, based onthe LC_ and LC,, values
and the degree of antibacterial activities of the
extract, the extract was considered highly active
and possibly emphasi zed the medi cinal importance
of the plant. Consequently, the antibacterial and
cytotoxicity of thisextract showing that this plant
would be effective in the treatment of microbial
infections at lower concentrations may account
for the rationale behind the use of the plant by
traditional medical practitioners for the effective
treatment of their patients over areasonabl e period
of time.

CONCLUSIONS

In conclusion, the good antibacterial and
cytotoxic activities of the extract suggest that the
plant has potential to yield bactericidal and
possibly cytotoxic compounds. This study,
therefore, suggests that there are phytochemical
constituents in the extract which could serve asa
source of chemotherapy drugs useful in the
treatment of infections initiated by the selected
bacteria and justifies the use of this plant
traditionally for the treatment of gastroenteritisin
rural communities. Further studies to investigate
the bioactive compounds responsible for the
observed biological effects are ongoing in our
laboratory.
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