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This research aimed to determine the bactericidal and cytotoxic properties of two mangrove plants commonly used in
traditional medicine: Bruguiera cylindrica (leaf) and Rhizophora mucronata (stilt root). The selected plant parts were subjected
to solvent polarity-based extraction. Of the solvent extracts, the acetone, ethyl acetate leaf extract of B. cylindrica and acetone
stilt root extract of R. mucronata were chosen for further study as they exhibited minimum inhibitory and bactericidal
concentrations between 0.5 and 1.0 mg.ml" against MTCC 435, Vibrio cholerae and Escherichia coli. The well and disk
diffusion analysis of these mangrove extracts showed inhibition zone between 6 — 16 mm diameter for the bacterial pathogens.
Similarly, the mangrove extracts displayed > 98 % reduction of viable counts for MTCC 435, E. coli and V. cholerae at
different time intervals between 8 — 16 h. Electron microscope analyses of the bacterial cells treated with mangrove extracts
confirmed the bactericidal properties by cellular aggregation and leakage. Further, the cytotoxicity evaluation of mangrove
extracts with Henrietta Lacks cell lines did not show any viability interference up to 200 pg.ml™, indicating their non-toxicity to
human cells and biocompatibility for drug development. The research findings suggest that the acetone, ethyl acetate leaf
extract of B. cylindrica and the acetone stilt root extract of R. mucronata could be used as a bactericidal resource against

V. cholerae, MTCC 435 and E. coli.
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Introduction

According to the WHO, about 25 % of the
currently available drugs used in the US market are
herbal-derived medicines. In India, the Ministry of
Health and Family Welfare has established the
AYUSH (Ayurveda, Yoga and Naturopathy, Unani,
Siddha and Homeopathy) about 65 % of the Indians
make use of traditional medicine for their health care
needs'. The development of herbal medicine has
gained top priority in recent years due to the
emergence of new infectious diseases and the
development of antibiotic resistance. Likewise, there
is a continuing demand for anti-infective and
restorative medicines. Studies on terrestrial plants and
associated microbes revealed a wide variety of
beneficial properties including antibiotic, antitumor,
neurotrophic and immune-modulatory properties’. In
order to investigate the possibility of developing

drugs for the treatment of human ailments, studies
relating to the bioactive potential of marine
bioresources have been given top priority”*. However,
not much research has been done onto marine plants
possible efficacy in treating infectious diseases.
Traditionally, many of the mangrove species such
as Avicennia sp., Bruguiera sp., Carapa sp., Ceriops
sp., Derris sp., Excoecaria sp., Lumnitzera sp.,
Rhizophora sp., etc., are used as a folk remedy for
human and animal ailments’. Similarly, seaweeds and
seagrasses have also been investigated for their
potential medicinal uses. However, there is a severe
lack of data concerning the traditional utilisation of
mangroves~ . In this context, in the current study two
different mangrove plants, viz. Bruguiera cylindrica
(leaf) and Rhizophora mucronata (stilt root) were
selected to examine their bactericidal and cytotoxic
properties. For long years, the leaf and bark of
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Bruguiera cylindrica is used as a folk remedy for
hepatitis®. Earlier, the plant has also been reported to
have antioxidant, antibacterial and antiviral
properties'’. Likewise, Rhizophora mucronata is also
reported as a folk remedy for hepatitis, febrifuge and
ulcer. Scientifically, it has been proven to have brine
shrimp lethal activity, analgesic activity, anti-
diarrhoeal, hepatoprotective, antioxidant and diuretic
activities''™. The current study is undertaken as
no/limited previous reports have been found on the
antibacterial and cytotoxicity activity of Bruguiera
cylindrica (leaf) and Rhizophora mucronata (stilt
root) plants with polarity-based extraction method.

Materials and Methods

Sample collection and extraction

Samples of Bruguiera cylindrica leaf and
Rhizophora mucronata stilt roots were collected from
the mangrove forest. After collecting fresh mangrove
plant parts, the samples were washed three times in
distilled water to get rid of any persisting soil particles
or salts and microbes. About 500 g of each sample
was subjected to a coarse powder for size reduction.
Later, the polarity-based extraction was carried out
using the solvents petroleum ether, dichloromethane,
acetone, ethyl acetate, ethanol and methanol. The
collected extracts were dried at an open (room
temperature) temperature to get the residues. The
residues obtained were further stored in
polypropylene tubes and were kept in the refrigerator
for further use.

Collection of bacterial pathogens

The human clinical pathogens such as
Staphylococcus aureus, Vibrio cholerae,
V. alginolyticus, E. coli and P. aeruginosa were
procured from the Department of Energy, Environment
and Natural Resources, Madurai Kamaraj University,
Madurai. Additionally, MTCC 3384 (K. pneumoniae),
MTCC 97 (S. marcescens) and MTCC 435
(S. epidermidis) were procured from IMTECH,
Chandigarh.

Determination of MIC and MBC

The Minimum Inhibitory Concentration (MIC) was
obtained with the filter-sterilized extracts. 0.5 ml of
various concentrations (125, 250, 500, 1000, 1500,
2000 and 4000 pg.mL") of the extracts were mixed
with 0.5 ml sterile Mueller Hinton broth. Then, 50 ul
of 12 h bacterial cultures (10° cells.ml”" obtained by
adjusting to 0.1 OD at 600 nm with sterile nutrient

broth) were added individually and incubated at 37 °C
for 24 h Further, the MIC was calculated by
visualizing turbidity in each concentration. Sub-
culturing the MIC dilutions onto sterile agar plates
resulted in the Minimum Bactericidal Concentration
(MBC). The minimal concentration of mangrove
extracts shown to inhibit bacterial growth is tabulated.

Disk and well diffusion assay (Kirby Bauer method)

The antibacterial activity was performed by disk
diffusion and well diffusion assays using standard
protocols'. The assay was performed only with the
extract, which showed inhibitory activity > = 2000
ng.ml™” concentration in MBC results. 0.1 ml of 12 h
incubated clinical pathogens (10° cells.ml” cultures
adjusted to 0.1 OD at 600 nm with sterile nutrient
broth) was overlaid on Muller Hinton agar medium.
1/2X, X and 2X concentrations of MBC values were
used for the assays. Tetracycline (40 pg.disk™) was
used as a positive control. The plates were incubated
at 371 °C for 24 h. After incubation, the inhibition
zone around the disk was calculated.

Determination of growth pattern

Twelve hour old cultures (10° cellsml™) of
pathogens were inoculated with 50 ml of sterile
Mueller Hinton broth containing X and 2X strength of
the mangrove extracts individually. Similarly,
Tetracycline (40 pg.ml™) was also used as a positive
control. Similar conditions were kept without the
extracts serving as a control. All the above set ups
were incubated at 37+1 °C for 24 h. Optical Density
(OD) was measured at 600 nm for every 2 h for 24 h
with respective blanks. The graph was plotted against
time and OD values.

Determination of viable counts

Sample preparation and control used for the
determination of viable counts is similar to the
procedure followed for the determination of growth
patterns. Post-incubation, 0.1 ml of the culture was
withdrawn at different time intervals (2, 4, 8, 16 and
24 h, respectively) and serially diluted up to 107
dilutions and plated onto the nutrient agar plate.
Emergents were counted after 24 h incubation.

The percentage reduction of the CFU (Colony
Forming Unit) values was counted as follows:

(Total no. of CFU in control — Total no. of CFU in
treatments)/ Total no. of CFU in control) x 100

The values showing > 99.5 % are considered as
100 % significant'”.
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Scanning Electron Microscopy (SEM)

0.5 ml of 2X concentration of the mangrove
extracts were mixed with 50 pl of 12 h old bacterial
cultures (10° cells.ml™) with 0.5 ml sterile Mueller
Hinton broth individually and incubated at 37 °C for
12 h. Cells without extracts were used as control.
After incubation, the bacterial cells were centrifuged
at 6000 rpm twice and washed with 0.01 M potassium
phosphate buffer. The collected bacterial pellets were
fixed with 2 % glutaraldehyde for 2 h at 4 °C. After
that, gradient dehydration was carried out with the
ethanol solution (10 — 100 %). Further, the slides were
dried with desiccators and subjected to SEM (JEOL
JSM-5610 series, Japan) observation.

Cytotoxicity analysis

The HeLa cell lines were procured from the NCCS
Pune, India. Monolayer cultures of cells were
established in RPMI 1640 medium (37 °C, 5 % of CO,
atmosphere). Cell lines (100 ul) were seeded in 96 well
plates at a concentration of 5x10° cells.ml” for 24 h.
Afterwards, the culture medium was replaced with
100 pl serum-free medium containing various
concentrations (12.5, 25, 50, 100 and 200 pg.ml") of
filter-sterilized acetone and ethyl acetate leaf extract of
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B. cylindrica and R. mucronata acetone stilt root
extracts. Later, the medium was refreshed with 100 ul
of serum-free medium (RPMI 1640) and 20 pl of
MTT (5 pgml' of 3, 4, 5-dimethylthiazol-2yl)-2,
5-diphenyltetrazo liumbromide. The microtitre plates
were measured with an ELISA reader at 570 nm. The
percentage of cell viability was calculated as follows:

% Cell viability = [A] Test / [A] control x 100

Triplicates were maintained for each treatment.
Inhibitory Concentration (ICsp) values were directly
determined by linear regression analysis with Office
XP (SDAS) software"”.

Results

The MIC and MBC results are depicted in Tables 1
and 2. Of the two plant extracts, R. mucronata
acetone stilt root extract showed a minimum (0.5
mg.ml™") range of MIC values with MTCC 435,
V. cholerae and E. coli. Similarly, B. cylindrica ethyl
acetate leaf extract showed a minimum (0.5 mg.ml™)
range of MIC values with MTCC 435. The
observations of the disk and well diffusion assays are
tabulated in Table 3. The maximum zone of inhibition

Table 1 — Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) values of R. mucronata stilt root
extracts against clinical pathogens

R. mucronata stilt root extract (mg.ml™")

Pathogens
Petroleum ether Dichloromethane Acetone Ethyl acetate Ethanol Methanol

MTCC 435 - - 0.5(1) - - -
MTCC 97 - - - - 4(>4) -
MTCC 3384 - 4(>4) - - - -

S. aureus - - - - - -
Vibrio cholerae - - 0.5(1) - - -

V. alginolyticus - - - - - -

E. coli - - 0.5 (1) - - 4(>4)

P. aeruginosa - -

Values in the parenthesis are MBC values

Table 2 — Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration (MBC) values of the B. cylindrica leaf
extract against clinical pathogens

B. cylindrica leaf extract (mg.ml™)

Pathogens

Petroleum ether Dichloromethane Acetone Ethyl acetate Ethanol Methanol
MTCC 435 - - 1(2) - - -
MTCC 97 - - - - - 4 (> 4)
MTCC 3384 - - - - - -
S. aureus - - - - - -

Vibrio cholerae - -
V. alginolyticus - -
E. coli - -
P. aeruginosa - -

Values in the parenthesis are MBC values
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was observed in R. mucronata acetone-stilt root
extract against E. coli (16 mm) with the well diffusion
method. The growth pattern analysis showed
enhanced OD (Optical Density) values with increased
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2X MBC) and tetracycline-treated bacterial pathogens
revealed reduced OD values as compared to the
control bacterial pathogens (Fig. 1).

All the mangrove-extract treated cultures (X and

time intervals. But mangrove extracts (X MBC and 2X MBC concentrations) showed decreased viable

Table 3 — Disk diffusion and well diffusion assay of the R. mucronata stilt root and B. cylindrica leaf extracts against clinical pathogens

Disk diffusion/Well diffusion methods (mm)

Pathogens R. mucronata acetone- stilt root extract  B. cylindrica acetone- leaf extract  B. cylindrica ethyl acetate leaf extract
X X 2X X X 2X X X 2X
MTCC 435 7/7.5 7/9 14/16 7/8 9/9 11/12 ND ND ND
E. coli 6/7 6/9 12/13 ND ND ND 6/7 7/9 13/15
Vibrio cholerae 7/8 6.8/8 13/14 ND ND ND ND ND ND
ND: Not determined; %2 X, X and 2X are the concentration of MBC values
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Fig. 1 — Effect of various extracts on growth pattern of clinical pathogens: a) R. mucronata acetone stilt root extract with MTCC 435;
b) B. cylindrica acetone leaf extract with MTCC 435; c) R. mucronata acetone stilt root extract with E. coli; d) B. cylindrica acetone leaf
extract with E. coli; and e) B. cylindrica ethyl acetate leaf extract with V. cholera
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Table 4 — Effect of various extracts on viable counts of pathogens (10* CFU.ml™")
Incubation (h) Control X-MBC 2X-MBC Tetracycline
(40 pg.ml™)
4 15621.5 16+1.0 (86.9) 0 (100) 6+3 (96.1)
R. mucronata acetone stilt root extract with 8 696+5.0 34+2.0 (95.1) 7+2.64 (98.9) 2748 (96.1)
MTCC 435 16 > 60000 121+9.0 (100) 2546.0 (100)  145+34.1 (100)
24 > 60000 145+11.9 (100) 36+6.4 (100) 228+40.2 (100)
4 317420.0 73+19.0 (76.9) 17£11.0 (99.4)  5+2.6 (98.4)
B. cylindrica acetone leaf extract with 8 734+60.4 99+27.5 (86.5) 29+17.3 (96.0) 15+11.5 (97.9)
MTCC 435 16 > 70,000 397+70.7 (99.4) 614183 (100)  126+20.3 (100)
24 > 70,000 408+48.1 (99.4) 114+20.5 (100)  183+20.5 (100)
4 327+£23.9 67+13.5 (79.5) 12+3.5 (96.3) 0 (100)
R. mucronata acetone stilt root extract with 8 782+18.5 156+32.0 (80.1) 27+11.09 (97.0) 0 (100)
E. coli 16 > 70000 495+35.64 (99.2) 97+18.5 (100) 12+7.0 (100)
24 > 70000 720+33.5 (100) 135+ 19.0 (100)  73+24.5 (100)
4 298+80.5 72 £17.1 (75.8) 18+13.5 (93.9) 0 (100)
o . , 8 489+43.7 239426.6 (51.1) 39417.5(92.0)  4+2.0 (99.2)
B. cylindrica acetone leaf extract with E. coli 16 >50000  478+31.13 (99.0)  67£19.1 (99.9)  168.0 (100)
24 >50000 730+39.9 (98.5) 195421.1 (100) 39 +14.6 (100)
4 353+42.1 67+26.5 (81.0) 12+7.5 (96.6) 0 (100)
R. mucronata acetone stilt root extract with 8 698+49.9 127426.2 (81.8) 32+13.0 (95.4) 8+4.5 (100)
V. cholerae 16 > 60000 382433.5 (99.3) 72417.8 (100)  13+5.8 (99.9)
24 >60000  410+44.73 (99.3)  197422.5(100)  54+9.4 (99.9)

Values in the parenthesis are the percentage reduction of CFU in growth pattern of clinical pathogens; values are mean of triplicate reading

(mean+SD)

Fig. 2 — Viable count analysis of the bacterial pathogens - I:
Collected solvent extract; II: Control plates [a) MTCC 435, g) E. coli,
m) V. cholerae; b, h & n: Tetracycline (40 pg.ml™) treated plates -
(b) MTCC 435, h) E. coli, and n) V. cholerae); c, e, i, k & 0: X- MBC
concentration treated plates - (c) MTCC 435 with R. mucronata
acetone stilt root extract, €) MTCC 435 with B. cylindrica acetone leaf
extract, 1) E. coli with R. mucronata acetone stilt root extract, k)
E. coli with B. cylindrica acetone leaf extract, and o) V. cholerae with
B. cylindrica ethyl acetate leaf extract); d, f, j, 1 & p: 2X-MBC
concentration treated plates - (d) MTCC 435 with R. mucronata
acetone stilt root extract, f) MTCC 435 with B. cylindrica acetone leaf
extract, j) E. coli with R. mucronata acetone stilt root extract, 1) E. coli
with B. cylindrica acetone leaf extract, and p) V. cholerae with
B. cylindrica ethyl acetate leaf extract)]

counts when compared with the control. MTCC 435
showed maximum (36+6.4x10° CFU.ml™") viable
count reduction with R. mucronata acetone root
extract at 24 h incubation. Similarly, R. mucronata
acetone stilt root extract also displayed minimum
viable counts (135+19.0x103 CFU.ml") of E. coli
cells at 24 h incubation (Table 4). The percentage
reduction of CFU denotes bactericidal activity of
R. mucronata acetone stilt root extract with MTCC
435 and E. coli isolates at 16 and 24 h incubation with
1000 pg.ml™ concentration. Further, the B. cylindrica
acetone leaf extract showed bactericidal activity with
MTCC 435 and E. coli at 24 h incubation with 4000
and 1000 pg.ml™ concentration. Bruguiera cylindrica
leaf ethyl acetate extract showed bactericidal activity
against V. cholerae at 16 h incubation with
2000 pg.ml” concentration (Table 4). Cytotoxicity
effect of acetone and ethyl acetate leaf extract of
B. cylindrica and acetone stilt root extracts of
R. mucronata on HeLa cell lines did not show any
significant morphological changes up to 200 pg.ml”
concentration and the ICs, value was identified as
> 200 pg.ml™” for all the three extracts (Fig. 2). SEM
images of all the untreated bacterial pathogens
(MTCC435, E. coli and V. cholerae) exhibited
smooth cell surfaces without morphological changes
(Fig. 3a,d & g). But the mangrove extracts-treated
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SEM HV: 5.0 kV WD:A17.21 mm
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Fig. 3 — SEM images of mangrove extracts with treated and un-treated bacterial cells: (a) Un-treated; (b) MTCC 435 treated with
R. mucronata acetone stilt root extract; (c¢) MTCC 435 treated with B. cylindrica acetone leaf extract; (d) Un-treated Escherichia coli;
(e) Escherichia coli treated with R. mucronata acetone stilt root extract; (f) Escherichia coli treated with B. cylindrica ethyl acetate leaf
extract; (g) Un-treated Vibrio cholera; and (h) Vibrio cholerae treated with R. mucronata acetone stilt root extract
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B R. mucronata acetone stilt root extract

M B. cylindrica acetone leaf extract
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M B. cylindrica Ethyl acetate leaf extract
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25 50 100 200 Control
Concentraion (ug.ml™)

Fig. 4 — Percentage viability of HeLa cells with different mangrove
extracts. Values are mean of triplicate reading (mean+SD)

bacterial cells showed cell aggregation (Fig. 3b) and
morphological changes (Fig. 3c, h). Likewise, E. coli
demonstrated leakage of cell contents (Fig. 3e, f).
Cytotoxicity effects of mangrove extracts with HelLa
cell lines did not reveal any significant morphological
changes and cell viability between the control and
extract-treated cell lines (Fig. 4).

Discussion

Plant extracts have long served as a fertile ground
for new pharmaceutical compounds'®"’. The current
work on antibacterial properties of traditionally used
mangrove plants indicated that the solvent extracts
(dichloromethane, methanol, ethanol and ethyl
acetate) of the R. mucronata stilt root and
B. cylindrica leaf extracts possessed a wide range of
MIC and MBC values (500 to 4000 pg.ml™) with the
clinical and MTCC pathogens. It has been well
documented that mangrove plants contain secondary
metabolites like alkaloids, tannins, flavonoids,
terpenoids and sugars'>*’. The inhibitory properties of
the leaf and stilt root extract of the B. cylindrica and
R. mucronata may be a result of the secondary
metabolites being present’’. Here, a wide range of
inhibitory (MIC and MBC) variations between the
Gram-positive and Gram-negative bacterial pathogens
was seen which might be due to the higher
peptidoglycan layer present in Gram-positive bacterial
isolates and outer phospholipidic membrane carrying
the structural lipopolysaccharides in the Gram-
negative bacteria. The presence of different layers in
the cell makes the flow of phytochemicals resulting in
inhibitory variations among the Gram-positive and
Gram-negative bacteria®.

Ravikumar er al® identified the inhibitory
properties (MIC) between 500 to 1000 pg.ml”
concentrations with different Gram-positive and
Gram-negative bacterial pathogens in marine plants.
In this study, disk diffusion and well diffusion assay
methods demonstrated a wide range of zone of
inhibition properties. The maximum zone inhibition
of the acetone stilt root extract of R. mucronata and
leaf extract (acetone and ethyl acetate) of
B. cylindrica could be due to the synergistic
interaction of a heterogeneous mixture of mangrove
metabolites with the antagonistic property. The
pharmaceutical activity was reported with the
mixtures of active constituents®. The growth curve
analysis showed greater inhibitory activity in 2X
MBC concentrations with the acetone stilt root extract
of R. mucronata and leaf (acetone and ethyl acetate)
extract of B. cylindrica. This inhibitory property
further corroborates with the agar and well diffusion
experiments. Similarly, Anas et al.'’ reported 70 %
inhibitory properties with the leaf extract of Psidium
guajava in S. aureus. Moreover, the viable count
analysis decreased with the increased time intervals in
the acetone stilt root extract of R. mucronata and leaf
extract (acetone and ethyl acetate) of B. cylindrica.
100% CFU reduction was identified at 24 h
incubation, thus indicating the bactericidal properties
of the extract'’.

The SEM images showed the morphological
alterations in mangrove extract-treated bacterial cells.
It could be because mangrove secondary metabolites
cross the phospholipids bi-layer and target
intracellular components like the PMF (Proton Motive
Force), the respiratory chain, or the electron transfer
chain®, thus causing the extensive loss of cell
contents and death®. Similarly to this, B. orellana
plant extract treated with P. aeruginosa showed cell
lysis and bacterial aggregation®’. In the present study,
mangrove extract also exhibited the ICs,> 200 pg.ml™
on the HeLa cell line indicating that the extracts did
not show any cytotoxic effects on normal mammalian
cell lines. The non-toxic effect of extracts are related
to the traditional medicine consumed in the early
years. Similar results have also been reported with the
leaf extracts of the Dendrophthoe pentandra plant™.

Conclusion

The study conducted to examine bactericidal and
cytotoxic properties of B. cylindrica (acetone and
ethyl acetate leaf extract) and R. mucronata (acetone
stilt root extract) showed in vitro Dbactericidal
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properties with > 98 % reduction of viable counts
against MTCC 435, E. coli and V. cholera pathogens
at different time intervals between 8 — 16 h.
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