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ABSTRACT

Aim: The main aim of this study is to evaluate the anti-oxidant and antimicrobial activity of
mangrove species and the development of the callus biomass.
Study Design: This is the first comparative evaluation report of field grown root and
tissue cultured root callus of mangrove on anti-oxidant and anti-bacterial activity.
Acanthus ilicifolius, Calophyllum inophyllum and Excoecaria agallocha were tested in this
present investigation.
Place and Duration of Study: Centre of Advanced Study in Marine Biology, Faculty of
Marine Sciences, Annamalai University, Parangipettai 608 502, Tamil Nadu, India.
Between February 2012 and July 2013
Methodology: In order to develop callus biomass, a number of growth hormones were
supplemented with the MS medium. Following the callus development, anti-oxidant and
anti-microbial activities were tested with field grown root and its tissue cultured root callus
of Acanthus ilicifolius, Calophyllum inophyllum and Excoecaria agallocha. This was
confirmed by different anti-oxidant, anti-bacterial and minimum inhibitory concentration
assays.
Results: Maximum (89%) root callus biomass was obtained from Acanthus ilicifolius on
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MS medium fortified with 0.3+0.3 mg/L of 2,4-D and KIN. 2,4-D 0.3mg/L and BAP 0.5
mg/L showed the maximum callus from both Calophyllum inophyllum (81%), Excoecaria
agallocha (58%). In addition anti-oxidant and anti-bacterial effect of root and root callus of
these three species were tested. In this study the root callus materials of all the three
species showed the best anti-oxidant anti-bacterial activities.
Conclusion: The metabolites from mangroves are good remedy for number of health
problems especially the enhanced level of metabolites through the tissue culture
techniques. The present study confirmed the anti-oxidant and anti-bacterial effect of
Acanthus ilicifolius, Calophyllum inophyllum, Excoecaria agallocha n root extract.   This
study will be a key to develop a new drug to achieve healthy life. especially the root callus
materials showed the better activity when compared to the field grown plants.

Keywords: Callus biomass; Acanthus ilicifolius; Calophyllum inophyllum; Excoecaria
agallocha; anti-microbial; resazurin method; anti-oxidant.

1. INTRODUCTION

The secondary metabolites constitute a source of bioactive substances and presently
scientific interest has increased due to the search for new drugs of plant origin. Metabolites,
with some novel chemical structures which belong to a diversity of chemical classes have
been characterized from mangroves and mangrove associates. These include both primary
and secondary metabolites [1]. The mangroves and their associated plants have various
economic values and environmental functions [2,3] like fodder, firewoods, charcoal, timber,
furniture, boat making, tannins for dying, among others and formation of detritus [4,5]. Apart
from these applications, mangrove plants are known to possess medicinal values and have
been used traditionally for ailment of various diseases by local inhabitants. Several
mangrove species have also been found application as insecticides and pesticides and have
recently attracted attention for pharmaceutical and other industries [6,3]. Besides, a number
of mangrove plant secondary metabolites like gedunin, hydroquinone, xanthone, diterpenes,
polyphenol etc. are currently used as anticancer agents in different cell lines, however, not
much study has been undertaken [7-13].

Phytoconstituents are also important source of antioxidant and are capable to terminate the
free radical chain reactions [14,15]. It is important to note that the mangroves are known to
possess strong antioxidant properties due to the presence of several groups of polyphenols
like anthocyanins, tannins, flavanones, isoflavones, resveratrol and ellagic acid [16,17].
There are also many reports describing the uses of mangrove plants for treatment of various
disorders like headache, abdominal troubles, skin diseases among others [18,19,3,4].
These plants represent a great resource for detection of unique secondary metabolites
which can supply information about the wide range of phytochemicals in nature and give
knowledge about biological activities of plant compounds.

Similarly antimicrobial potential of different medicinal plants is being extensively studied all
over the world but only a few studies have been carried out in a systematic manner [20].
Also the development of resistant strains of bacteria has increased the need for new
antibiotics [21]. Several species of mangrove are proved for their bioactivities by inhibiting
microbial growth [22]. Mangrove plants have been reported to have antimicrobial activity [23-
26]. The antioxidant and antibacterial activities are attributed to bioactive polyphenols
especially flavonoids which prevent people from many dreadful diseases [27].  Mangroves
are rich source of polyphenols [28] beside this fact; the need of these products is high, so we
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need to enhance the production of these specialized metabolites. The technique plant tissue
culture is used not only for mass multiplication but also for production of high value
secondary metabolites [29,30]. Growth regulators play a crucial role in secondary metabolite
production in vitro condition.  Also the in vitro raised plant cells serves as an effective
antioxidant and antibacterial agent due to the presence of enhanced level of plant secondary
metabolites [31]. Hence the present study has been designed to screen the anti-oxidant and
anti-microbial potential of field grown and in vitro raised root callus biomass of Acanthus
ilicifolius, Calophyllum inophyllum, Excoecaria agallocha. To the best of our knowledge this
is the first comparative study report on field grown root and in vitro-derived root callus of
mangrove species.

2. MATERIALS AND METHODS

2.1 Sample Collection and Extraction

Fresh roots of Acanthus ilicifolius (Acanthacae), Calophyllum inophyllum (Calophyllaceae),
Excoecaria agallocha (Euphorbiaceae), known as mangroves were collected from
Pichavaram mangrove forest and they are hereinafter referred as A. ilicifolius, C. inophyllum
and E. agallocha respectively. The shade-dried root and in vitro-derived root callus samples
of A. ilicifolius, C. inophyllum, and E. agallocha were extracted with methanol:chloroform in
the ratio of 8:2 for 24 hours in a Soxhlet apparatus and this extracts were subsequently
concentrated on a watch glass in an air draught condition for removing the chloroform [32].

2.2 Sterilization of Glassware

The most important step in tissue culture techniques is sterilization. All the glassware such
as beakers, conical flasks, measuring cylinders, Petri dish and culture tubes were washed
thoroughly with detergent (2% Teepol) in tap water, rinsed with double distilled water twice
and dried in hot air oven at 30ºC prior to sterilization. Distilled water and other accessories
such as forceps, blades and its holders, were autoclaved at 121ºC for 15 minutes at 15
lb/inch2. After sterilization, they were kept in hot air oven until use.

2.3 Stock Solution and Media Preparation

The optimized MS (Murashige and Skoog medium [33]) medium was used for the present
investigation. For the preparation of the basal MS medium, separate stock solution of macro
nutrients, micro nutrients, iron supplements, vitamins and boric acid were prepared by
dissolving required amount of chemicals in double distilled water and were stored at 4±1ºC.
Individual growth regulators such as BA (benzyl adenine), kinetin, NAA (naphthalene acetic
acid), IAA (indole acetic acid), IBA (Indole-3-butyric acid) and 2,4-D (2,4-dichlorophenoxy
acetic acid) were prepared and kept at 4±1ºC.

MS medium [33] was prepared with all the stock solutions in appropriate proportions and the
final volume was made up to required quantity by adding double distilled water, in which,
sucrose 3% (W/V) was added to the medium as a source of carbon. Various concentrations
and combinations of growth regulators were added to the medium before adjusting the pH to
5.8 using 1.0 N NaOH or 1.0 N HCl and gelled with 0.8% agar by melting the agar in a
boiling water bath. Then the media were distributed in phyta jars and autoclaved. The
autoclaved media were kept in inoculation chamber until use.
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2.4 Surface Sterilization

The young root explants of A. ilicifolius, C. inophyllum, E. agallocha were immersed in water
immediately after collection. The root samples were washed with tap water to remove
epiphytes and other unwanted external matters. And the explants were surface sterilized
with different surface sterilizing agents. Therefore the explants were disinfected with a
detergent solution (2% Teepol, Reckill and Colman, India) for 5 min. Then the explants were
washed in 0.1% mercuric chloride for 1.5 min followed by 70% ethanol for 45 seconds.

2.5 Aseptic Transfer of Explants

Aseptic transfer of tissue was done in a laminar air-flow hood. The interior was swabbed with
95% ethanol before inoculation. The autoclaved equipments were flame sterilized three
times before using them for tissue transfer using 95% ethanol taken in a coupling jar. After
sterilization, all the explants were cut into small pieces (1.0 to 1.5 cm long) and were
individually placed on MS medium supplemented with various concentration and
combinations of cytokinins and auxins, 3.0% sucrose and 0.8% agar.

2.6 Biochemical Assays

2.6.1 Determination of total phenol content

Total phenolic content of sample extracts were estimated by Folin-Ciocalteu’s method [34].
Extracted samples (10 mg) were dissolved in 10 mL of distilled water. An aliquot of 100 μL of
appropriate dilution of the samples were shaken for 1 min with 500 μL of the Folin-Ciocalteu
reagent freshly prepared in our laboratory and 6 mL of distilled water. The mixture was
briefly shaken and 2 mL of 15% (by mass per volume) sodium carbonate was added and the
mixture was shaken again for 30 sec. Finally, the solution was brought up to 10 mL with
distilled water. After 2 h of reaction at ambient temperature, the absorbance was measured
at 750 nm. Gallic acid was used as standard; the total phenolic content of the samples were
expressed as Gallic acid equivalents (GAE).

2.6.2 Total antioxidant activity

The total antioxidant capacities (TAC) of the crude extracts were evaluated by the method of
Prieto, et al. [35]. 1ml sample was prepared in different concentrations (50 µl, 125 µl, 250 µl
and 500 µl) with 3 ml of reagent solution 0.6 M sulphuric acid, 28 mM sulphuric acid and 4
mM ammonium molybdate. Reaction mixture was incubated at 95ºC for 90 minutes in a
water bath. Absorbance of all the sample mixtures was measured at 695 nm. Total
antioxidant activity is expressed as the number of equivalents of ascorbic acid of extract
(mg/g).

2.6.3 DPPH-Free radical scavenging assay

Radical scavenging activities of the fractions were assessed using the DPPH (1,2-diphenyl-
1-picrylhydrazyl) free radical method, adapted from Duan, et al. [36]. Briefly, 100 µl of
various concentration of the phenol (50, 125, 250 and 500 µg/ml) was mixed with 2900 µl
DPPH solution (120 µM) in methanol and incubated in darkness at 37ºC for 30 minutes and
its absorbance was read at 517 nm. DPPH radical scavenging activity was expressed as
butylated hydroxyl toluene (BHT).
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% of inhibition activity = (AB –As)/ AB × 100

2.6.4 Nitric oxide radical inhibition assay

Nitric oxide radical inhibition assay was performed based on the method of Govindarajan et
al. [37] and Badami et al. [38]. 3 ml of reaction mixture containing 2 ml of sodium
nitroprusside (10mM), 0.5 ml phosphate buffer saline and 0.5 ml (50, 125, 250 and 500
µg/ml) of extract solution was incubated at 25ºC for 150 min. After incubation, 1 ml of
sulfanilic acid reagent (0.33% sulfanilic acid in 20% glacial acetic acid) was added to 0.5 ml
of reaction mixture for 5 min to complete diazolization. Then 1 ml naphthyl ethylene diamine
dihydrochloride (NEDD) was added and allowed to stand for 30 min at 25ºC. A pink colored
chromatophore formed was measured at 540 nm. Nitric oxide radical scavenging activity is
expressed as butylated hydroxyl toluene (BHT/g).

2.6.5 Hydrogen peroxide radical inhibition assay

Hydrogen peroxide radical inhibition activity of samples was measured according to the
method of Govindarajan et al. [37]. Extract was rapidly mixed with 2 ml of 10 mM phosphate
buffer (0.1 M, pH 7.4) hydrogen peroxide solution. The absorbance was measured at 230
nm in the UV spectrophotometer after incubation for 10 min at 37ºC against a blank without
hydrogen peroxide (H2O2). The radical scavenging activity is expressed as Gallic acid
equivalents (GAE/g).

% of scavenged activity =  (Ao–A1)/ Ao× 100

2.6.6 H2O2 inhibition effect

The H2O2 inhibition effect of plant extracts were determined by spectrophotometer [39]. One
milliliter (2.6 and 10 mg/ ml) of sample, 3.4 ml of 0.1 M phosphate buffer (pH 7.4) and 0.6 ml
of 43 mM H2O2 were mixed and after 60 min the absorbance of mixture was measured at
230 nm. Control solutions without H2O2 were prepared for each sample concentration. To
determine the H2O2 (mM) concentration that was not involved in the reaction, a linear
regression equation was used. 3.4 ml of phosphate buffer was added to 0.6 ml of 10,15, 25,
43 mM of H2O2 at 230 nm. Regression equation formulae were obtained by the graphic of
standard curve of absorbance vs different concentrations of (+)-Catechin.

A (230) = 0.0125 x C (H2O2, mM) + 0.0873 (R2 = 0.9783)

(+)-Catechin was used as the reference antioxidant. The equation used is as follows:

H2O2 inhibition capacity (%) = [1-(H2O2 conc. of sample/H2O2 conc. of control)] x100

2.6.7 Measurement of reducing power

The method described by Oyaizu [40] was used to determine the reducing power of the
extracts. 1ml of sample containing different concentrations of phenol (20-100 µl) was mixed
with 2.5 ml of 0.2 M phosphate buffer pH 6.6 and 2.5 ml KFe(CN)6 (potassium ferric cyanide)
1% were added. The mixture was incubated in a water bath at 50ºC for 20 min. After
incubation, 10% TCA (2.5 ml) was added and the resulting mixture was centrifuged at
3000×g for 10 min. Supernatant (2.5 ml) was added to 2.5 ml of distilled water and 0.5 ml of
0.1% FeCl3 solution. The absorbance was measured at 700 nm. Increased absorbance
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indicates reducing power. Concentration of reducing power is expressed as Gallic acid
equivalents (GAE) in mg/g of extract.

2.7 Antibacterial assay using resazurin method

A versatile microtitre plate bioassay for quick and sensitive determination of antibacterial
activity was followed to screen antibacterial property of the plant extracts by the method of
Langfield et al. [41] and Sarker et al. [42]. This assay was also used to determine minimum
inhibitory concentrations of methanolic extracts of roots of A. ilicifolius, C. inophyllum, E.
agallocha and their respective calli. Since conventional methods like well diffusion or agar
well-diffusion method are time consuming and require significant quantities of the test
materials [43], this microtitre plate assay has increased sensitivity for small quantities of
extract, ability to distinguish between bacteriostatic and bactericidal effects and quantitative
determination of minimal inhibitory concentrations (MIC). The use of a colorimetric indicator
eliminates the need for a spectrophotometric plate reader and avoids the ambiguity
associated with visual comparison or measurement of growth inhibition rings on agar plates.

2.7.1 Preparation of bacterial cultures

Ten species of clinical pathogens were isolated from different clinical samples received from
the Department of Microbiology, Rajah Muthiah Medical College and Hospital, Annamalai
University, Annamalai Nagar, Tamilnadu, India (Aeromonas hydrophila, Klebsiella
pneumoniae, Enterobacter aerogens, Pseudomonas aeruginosa, Serratia marsescens,
Proteus vulgaris, Staphylococcus aureus, Shigella dysenteriae Bacillus subtilis and
Salmonella typhi) were labeled as P1 to P10 as given in the above order that was used for
this assay. A single colony of each bacterial species was transferred to a 5 ml of trypticase
soy broth and placed in an incubator at 35ºC for overnight. The overnight cultures of
bacterial species were spun down at 4000 rpm for 5 min. The supernatant was discarded
and the pellet was resuspended in 20 ml of MHB so as to obtain a final concentration of 5 ×
106 cfu/mL. Thus the test bacterial cultures were prepared for antibacterial assay.

2.7.2 Culture Media and Antibiotics

Trypticase soy broth (TSB) was used to prepare overnight culture. Mueller Hinton broth (1x
MHB and 3.3x MHB strength) was used for dilution and screening assay. Ciprofloxacin (for
P1 to P6 1mg/ml each), ampicillin/dicloxacillin (for P7 1mg/ml), nalidixic acid (for P8 1mg/ml)
and streptomycin (for P9 and P10 1mg/ml) were used as standard drug for this antibacterial
study.

2.7.3 Preparation of resazurin solution

Resazurin dye 270 mg (Sigma, India) was dissolved in 40 mL of sterile double distilled water
to prepare resazurin solution. To prepare homogenous solution, a vortex mixer was used for
proper and efficient mixing of resazurin.

2.7.4 Preparation of test sample

Methanol extracted roots of A. ilicifolius, C. inophyllum and E. agallocha and their respective
calli were dissolved in methanol (10 mg/ml since it is a crude extract whereas 1 mg/ml is
recommended for purified compounds) and were labeled as AI-R, AI-R/C CI-R, CI-R/C, EA-
R and EA-R/C for further use.
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2.7.5 Preparation of the microtitre plates

The antibacterial activity of methanolic extracts of roots of A. ilicifolius, C. inophyllum and E.
agallocha and their respective calli was estimated in a microtitre plate based method by
using resazurin assay [42]. Test samples were dissolved in methanol and were run at these
concentrations. Sterile 96-well microtitre plates were used for this assay (0.3 ml volume,
TARSONS) and were labeled.

All wells in column wise, except the first row, were filled with MHB (100 µl). Test sample (200
µl) was added to the first row of all the columns and serial two-fold dilutions were made
down in such a way that each well had 100 μl of the test material in serially descending
concentrations. Serial dilutions were performed using a multichannel pipette. To each well
20 μl of resazurin indicator solution was added. Using a pipette 60 μl of 3.3 × strength broths
was added to each well to ensure that the final volume was single strength of the MHB.
Finally, 20 μl of bacterial suspension was added to each well to achieve a concentration of
5 × 105 cfu/ml and the final volume was made up to 200 µl per well.

Each plate was wrapped loosely with cling film to ensure that bacteria did not become
dehydrated. This assay was carried out with a total of 8 plates with controls.

(i) four columns with antibiotics, indicator dye and broth (ciprofloxacin, ampicillin/
dicloxacillin, nalidixic acid and streptomycin respectively in serial dilution (labeled as
C.Ab1 to C.Ab4) (Sterility control for antibiotics)),

(ii) six well with test compounds in broth with indicator dye dilution (labeled as C.AI-R,
C.AI-R/C C.CI-R, C.CI-R/C, C.EA-R and C.EA-R/C) (Sterility control for test
compound),

(iii) ten wells with pathogens and broth incorporated with indicator dye alone (labeled as
C.P1 to C.P10)

(iv) ten columns with serially diluted respective antibiotics in broth incorporated with
indicator dye and added with ten different clinical pathogens (labeled as C.Ab1+P1,
C.Ab1+P2, C.Ab1+P3, C.Ab1+P4, C.Ab1+P5, C.Ab1+P6, C.Ab2+P7, C.Ab3+P8,
C.Ab4+P9, C.Ab4+P10),

(v) ten columns per test compound were added with ten different clinical pathogens in
serially diluted test compound in broth added with indicator dye, totally 60 columns
for six test compounds (AI-R, AI-R/C CI-R, CI-R/C, EA-R and EA-R/C)

The plates were prepared in triplicate, and placed in an incubator set at 37ºC for 18–24 h.
The colour change was then assessed visually. The colour retaining property of the sample
recorded as positive. Any colour changes from dark blue/purple to pink (signifying live
growth) or colour less were recorded as negative. The MIC was determined as the lowest
test compound concentration at which no pink color (signifying no growth) appeared. The
average of three values was calculated and that was the MIC for the test material and
bacterial strain.

3. RESULTS

This study mainly focused on the investigation of the free radical scavenging and anti-
bacterial activity of field grown and in vitro-derived root callus of A. ilicifolius, C. inophyllum
and E. agallocha. In order to increase the secondary metabolites several growth hormones
were tested, among total hormones tested 0.3 mg/l 2,4-D and 0.5 mg/l of BA showed the
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maximum callus biomass in all the species A. ilicifolius (89±0.6), C. inophyllum (81±0.0) and
E. agallocha (58±0.6). The dried biomass of this root and root callus extracts of these
species have been used for the further studies (Table 1).

Table 1. Effect of different concentrations of auxins and cytokinins on root callus
biomass production in A. ilicifolius, C. inophyllum and E. agallocha

Growth
hormones(mg/l)

% of callus
response in
A. ilicifolius

% of callus response
in C. inophyllum

% of callus response
in E. agallocha

NAA
0.1
0.3
0.5

IAA
0.1
0.3
0.5

2-4-D
0.1
0.3
0.5

NAA+KIN
0.5+0.1
0.5+0.3
0.5+0.5

NAA+BAP
0.5+0.1
0.5+0.3
0.5+0.5

IAA+KIN
0.5+0.1
0.5+0.3
0.5+0.5

IAA+BAP
0.5+0.1
0.5+0.3
0.5+0.5

2,4-D+KIN
0.3+0.1
0.3+0.3
0.3+0.5

2-4-D+BAP
0.3+0.1
0.3+0.3
0.3+0.5

11±0.1
20±0.3
27±0.2

10±0.1
14±0.5
17±0.2

25±0.2
48±0.1
69±0.7

11±0.2
29±0.6
51±0.2

21±0.8
37±0.7
52±0.5

07±0.3
12±0.2
21±0.2

25±0.7
36±0.6
39±0.5

20±0.2
49±0.0
70±0.8

39±0.3
57±0.1
89±0.6

22±0.2
28±0.1
21±0.3

14±0.1
11±0.2
30±0.5

29±0.4
31±0.0
47±0.6

12±0.3
26±0.2
28±0.4

19±0.1
30±0.2
31±0.5

15±0.1
19±0.1
17±0.4

16±0.4
51±0.1
42±0.0

17±0.6
43±0.9
51±0.1

31±0.3
59±0.2
81±0.0

12±0.0
15±0.3
16±0.1

21±0.2
22±0.0
22±0.5

31±0.2
33±0.4
35±0.3

35±0.1
32±0.3
25±0.3

29±0.5
23±0.0
25±0.7

10±0.1
10±.0.6
11±0.1

22±0.4
24±0.3
26±0.5

34±0.4
33±0.2
36±0.3

44±0.3
47±0.0
58±0.6

Note: Data are expressed as fresh weight of callus, 50 explants were taken for each experiment. Each
experiment was repeated five times.

3.1 Total Phenolic Content and Total Antioxidant Activity

Among all assayed extracts, E. agallocha root callus (90.32%) showed high phenol content
followed by field grown root extract (82.10%), C. inophyllum root and root callus showed the
85.06% and 89.63% and A. ilicifolius root and root callus 77.13% and 78.64%.
Similar results obtained for total anti-oxidant activity. The maximum activity was recorded in
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E. agallocha root callus (71.02%), for field grown root (71.02%). In C. inophyllum root callus
showed (69.47%) in root alone (66.97%). A. ilicifolius showed similar activity in both root and
root callus (71.02%) (Fig. 1a and 1b).

Fig. 1. (a) Total phenol content, (b) Total antioxidants and (c) DPPH radical
scavenging activity. Note: S1=AI-R, S2=AI-R/C, S3=CI-R, S4=CI-R/C, S5=EA-R

and S6=EA-R/C
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3.2 DPPH Free Radical Scavenging Method

Of these extracts, the root callus extract of A. ilicifolius (71.24%), C. inophyllum (80.21%)
and E. agallocha (81.25%) showed maximum free radical scavenging activity compared to
field grown root extracts (Fig. 1c).

3.3 Nitric Oxide Neutralizing Method

Among the total extracts tested, the root callus extract of E.  agallocha (82.31%) showed
maximum NOº neutralising capacity when compared to root extract (67.24%), similarly C.
inophyllum root callus extract (81.24%) and root extract (74.25%) and minimum activity has
been observed from A. ilicifolius root callus (74.25%), root extract (71.31%) as shown in Fig.
2a. As per the overall estimation all the root callus extracts showed a significant activity.

3.4 Reducing Power Assay and Hydrogen Peroxide Radical Inhibition Assay

Of these extracts, the root and root callus extract of E. agallocha (79.68 and 86.54%)
showed maximum reducing capacity when compared to A. ilicifolius (71.65 and 71.35%), C.
inophyllum (76.23 and 73.25%). From these all extracts, root callus extract showed the
better activity. Similarly the root callus of A. ilicifolius (74.26%), C. inophyllum (81.24%) and
E. agallocha (82.31%) showed the better Hydrogen peroxide radical inhibition activity. And
the root extract of E. agallocha (67.24%), C. inophyllum (74.25%) and A. ilicifolius (71.31%)
showed the minimum inhibition activity (Fig. 2b and 2c and Table 2).

3.5 Antibacterial Activity

At the beginning of the reaction all the wells were in blue colour. After 24 hrs of the
incubation, some of the wells turned into pink colour indicating the bacterial growth. The
extracts of root-callus of E. agallocha, C. inophyllum and A. ilicifolius were found to have
higher antibacterial activity than their root extracts as evident by the colour change. The
extracts of root-callus of E. agallocha were found to have higher antibacterial activity than
the extracts of root-callus of C. inophyllum and A. ilicifolius as evident by the colour change.
All the bacterial pathogens showed more sensitivity to the extracts of root-callus than their
normal root extracts.

Using the microtitre plate bioassay we found that a crude methanolic root-callus extract of E.
agallocha, C. inophyllum and A. ilicifolius inhibited growth of all the ten clinical pathogens at
concentrations of less than 350 µg/ml whereas the crude methanolic root extract of the same
plant species which is more than 600 µg/ml.

The maximum antibacterial effect was noted with root-callus extract which are in the range
between 0.039µg/ml and 0.35µg/ml (equivalent to the extracts of root callus concentrations
of 39µg/ml and 350µg/ml) for all the three root-callus extracts against all the ten clinical
pathogens tested. The results are shown in Table 3.
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Table 2. Anti-oxidant potential of root ant root derives callus extract of A. ilicifolius, C. inophyllum and E. agallocha

Parameters Conc.
(µg/ml)

% scavenging
activity of
S-1

% scavenging
activity of
S-2

% scavenging
activity of
S-3

% scavenging
activity of
S-4

% scavenging
activity of
S-5

% scavenging
activity of
S-6

Total phenol 50 47.1 49.56 43.21 58.64 59.24 59.21
125 62.32 66.21 60.08 66.76 64.31 64.21
250 71.28 73.32 76.88 79.64 76.32 73.2
500 77.13 78.64 85.06 89.63 82.1 90.32

Total antioxidant 50 41.74 40.49 31.46 39.92 49.62 49.84
125 70.09 64.48 58.87 44.54 55.45 53.58
250 70.71 70.09 59.19 62.61 67.91 70.09
500 71.02 71.02 66.97 69.47 70.71 71.02

DPPH radical
scavenging
activity

50 38.28 56.32 63.71 56.77 59.34 59.24
125 54.16 61.02 71.23 68.22 66.24 67.21
250 61.23 71.24 73.69 80.21 72.39 81.25
500 69.35 79.23 86.45 75.78 89.21 90.21

NO radical
scavenging
activity

50 43.47 52.17 38.26 56.25 38.21 54.98
125 52.21 55.65 47.94 67.32 41.35 69.54
250 61.23 68.21 69.24 78.24 56.95 76.35
500 71.31 74.26 74.25 81.24 67.24 82.31

H2O2radical
scavenging
activity

50 36.24 39.21 40.21 44.21 40.21 36.78
125 40.21 42.23 49.35 49.65 51.24 53.62
250 51.24 57.38 67.34 65.34 68.54 69.54
500 69.29 67.54 76.59 73.54 74.35 79.34

Total reducing
power

50 54.21 60.23 49.37 54.23 56.24 58.64
125 64.32 64.35 57.35 67.24 69.25 69.83
250 69.35 69.35 65.34 68.67 71.98 77.65
500 71.65 71.35 76.23 73.25 79.68 86.54

Note: S1- root extract of A. ilicifolius, S2- root callus extract of A. ilicifolius, S3- root extract of C. inophyllum, S4-root callus extract of C. inophyllum,
S5-root extract of E. agallocha, S6-root callus extract of E. agallocha.
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Fig. 2. (a) NO radical scavenging activity, (b) H2O2 radical scavenging activity and (c)
Total reducing power. Note: S1=AI-R, S2=AI-R/C, S3=CI-R, S4=CI-R/C, S5=EA-R and

S6=EA-R/C

Table 3. Shows minimum inhibitory concentration (MIC) value for extracts against ten
different clinical pathogens

Pathogen MIC (µg/ml)
AI-R AI-R/C CI-R CI-R/C EA-R EA-R/C

Aeromonas hydrophila 39 39 78 20 156 20
Klebsiella pneumonia 313 156 313 20 313 39
Enterobacter aerogens 78 20 156 78 156 78
Pseudomonas aeruginosa 78 78 313 20 313 78
Serratia marsescens 313 156 625 156 625 78
Proteus vulgaris 313 156 625 156 313 78
Staphylococcus aureus 78 20 78 39 156 20
Shigella dysentriae 625 313 625 156 313 78
Bacillus subtilis 156 78 78 20 78 39
Salmonella typhi 78 20 156 20 78 39

Note: AI-R - root extract of A. ilicifolius, AI-R/C - root callus extract of A. ilicifolius, CI-R - root extract of
C. inophyllum, CI-R/C - root callus extract of C. inophyllum, EA-R -root extract of  E. agallocha, EA-R/C

- root callus extract of  E. agallocha.
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Fig. 3 shows comparative analysis between normal root extracts of A. ilicifolius, C.
inophyllum, E. agallocha and their root-callus extracts against ten different clinical
pathogens.

Fig. 3. Comparative analysis between normal root extracts of A. ilicifolius,
C. inophyllum and E. agallocha and their root-callus extracts against ten different

clinical pathogens.
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3.6 Minimum Inhibitory Concentration

The antibacterial activities of root and root callus extract of A. ilicifolius, C. inophyllum and E.
agallocha were tested against clinical pathogens such as A. hydrophila, K. pneumoniae, E.
aerogens, P. aeruginosa, S. marsescens, P. vulgaris, S. aureus, S. dysenteriae, B. subtilis
and S. typhi using microtitre plate bioassay.

The minimum inhibitory concentration (MIC) of AI-R was 0.039 mg/ml against A. hydrophila,
0.313 mg/ml against K. pneumoniae, S. marsescens and P. vulgaris 0.078 mg/ml against E.
aerogens, P. aeruginosa, S. aureus and S. typhi, 0.625 mg/ml against S. dysenteriae and
0.156 mg/ml against B. subtilis (Fig. 4a). AI-R/C was 0.039 mg/ml against A. hydrophila,
0.156 mg/ml against K. pneumonia, S. marsescens and P. vulgaris, 0.078 mg/ml against P.
aeruginosa and B. subtilis, 0.02 mg/ml against E. aerogens, S. aureus and S. typhi, 0.313
mg/ml against S. dysenteriae (Fig. 4b).

Fig. 4. (a) Shows comparison between root extracts of A. ilicifolius, C. inophyllum, E.
agallocha against ten different clinical pathogens. (b) Shows comparison between

root-callus extracts of A. ilicifolius, C. inophyllum, E. agallocha against ten different
clinical pathogens.
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CI-R was 0.078 mg/ml against A. hydrophila, S. aureus and B. subtilis, 0.313 mg/ml against
K. pneumonia and P. aeruginosa, 0.156 mg/ml against E. aerogens and S. typhi, 0.625
mg/ml against S. marsescens, P. vulgaris and S. dysenteriae (Fig. 4a). CI-R/C was 0.02
mg/ml against A. hydrophila, K. pneumoniae, B. subtilis, P. aeruginosa and S. typhi, 0.078
mg/ml against E. aerogens, 0.156 mg/ml against S. marsescens, P. vulgaris and S.
dysenteriae, 0.039 mg/ml against S. aureus (Fig. 4b).

EA-R was 0.156 mg/ml against A. hydrophila, E. aerogens, and S. aureus, 0.313 mg/ml
against K. pneumonia, P. aeruginosa, P. vulgaris and S. dysenteriae, 0.625 mg/ml against S.
marsescens, 0.078 mg/ml against S. typhi, and B. subtilis (Fig. 4a). EA-R/C was 0.02 mg/ml
against A. hydrophila and S. aureus, 0.039 mg/ml against K. pneumoniae, B. subtilis and S.
typhi, 0.078 mg/ml against E. aerogens, P. aeruginosa, S. marsescens, P. vulgaris and S.
dysenteriae (Fig. 4b).

4. DISCUSSION

Mangroves have many bioactivities such as antioxidant, antibacterial and anticancer due to
the presence of numerous phytochemicals [43-46]. The application of antioxidants in
pharmacology is important to improve the current treatments for various diseases. Plants are
endowed with free radical scavenging molecules, which are rich in antioxidant activity [47].
The root and root callus extracts of A. ilicifolius, C. inophyllum and E. agallocha were
analysed for their antioxidant properties. An earlier study has also reported that the
biochemical assays such as total antioxidant and DPPH scavenging potential are particularly
suitable for the evaluation of antioxidant activity of crude extracts [48]. The remarkable free
radical inhibition activity was already stated for A. ilicifolius, C. inophyllum and E. agallocha
plant parts using DPPH assay methods [49].

4.1 Total Phenolic Content and Total Antioxidant Activity

Phytochemical content of mangroves shows excellent antioxidant activities [50]. The
phenolic compounds are unique, produced by plants as secondary metabolites. The
significance of this plant phytochemical is their maximum antioxidant activity due to the
presence of hydroxyl group that serves as hydrogen donor terminating the disease causing
free radical chain. The root and root-callus extract of A. ilicifolius, C. inophyllum and E.
agallocha were analysed for their total phenolic content and total anti-oxidant activity. Root-
callus extract of all the three species showed the best activity when compare to field grown
root. There is a positive correlation between phytochemical content and its antioxidant
activities, as already reported [51].

4.2 DPPH Free Radical Scavenging Method

Free radicals can cause oxidative damage to lipids, proteins and DNA, eventually leading to
many chronic diseases, such as cancer, diabetes, aging and other degenerative diseases in
human [52]. The in vivo generations of free radicals are done by addition of DPPH that acts
as source of free radicals. The extracts having hydrogen donor group will scavenge this free
radicals by binding to them, hence in the present investigation the extracts A. ilicifolius, C.
inophyllum and E. agallocha were tested for their free radical scavenging activity. Similar
reports on tissue cultured callus of coastal species Ipomea aquatica has showed hyper
antioxidant activities which are evident by DPPH assay method [53].
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4.3 Nitric Oxide Neutralizing Method

The NOº on reaction with oxygen gives ONOO- which can react and denature the
biomolecules present in our body leads to disease progression. Hence the NOº can be
scavenged by hydrogen donating extracts by binding with them will be an effective
antioxidant. This test was made in the present investigation for the mangrove extracts of A.
ilicifolius, C. inophyllum and E. agallocha. There was no record on nitric acid assay with
tissue cultured callus materials.

4.4 Reducing Power Assay and Hydrogen Peroxide Radical Inhibition Assay

Many degenerative diseases are induced due to the formation of peroxides and free radical
chain reactions in human system. An effective antioxidant will serve as reductones.
Reductones are molecules responsible for the reduction of peroxides and free radical chain
reactions by donating hydrogen atoms. Therefore, in the present investigation, the reducing
capacity and hydrogen peroxide radical inhibition of root and root callus extract of A.
ilicifolius, C. inophyllum and E. agallocha were tested. Tissue culture-derived callus of
coastal species Ipomea aquatica and Citrullus colocynthis also has been shown to have
hyper antioxidant activities [53,54].

4.5 Anti-bacterial Activity

The results showed that the root-callus extracts of A. ilicifolius, C. inophyllum, E. agallocha
showed elevated antimicrobial effect against all the pathogens when compared to root
extract alone. This increased antibacterial activity of callus could be attributed to the effect of
growth hormones 2-4-D (0.3mg/l) and BAP (0.5mg/l) of tissue culture media that might have
influenced the synthesis of the phytochemicals. This result is in accordance with the
previous work with Premna serratifolia and Ipomea aquatica which have displayed higher
antimicrobial activity with leaf callus tissue than intact leaf tissue [53,55, 56].

5. CONCLUSION

The study has revealed the potential bioactivities of A. ilicifolius, C. inophyllum and E.
agallocha which showed significant antioxidant and antimicrobial activities which could be
successfully elevated by in vitro callus culture method. This deserves further research on in
vitro callus culture method on mangroves.
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