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Abstract

In vitro screening of organic solvent extracts of three marine algae
viz., Gracilaria corticata, Ulva fasciata and Enteromorpha compressa and five
mangroves viz., Aegiceras corniculatum, Aegialitis rotundifolia, Aglaia cucullata,
Cynometra iripa and Xylocarpus granatum showed species specific activity in
inhibiting the growth of six virulent strains of bacteria pathogenic to fish viz.,
Edwardsiella  tarda, Vibrio  alginolyticus, = Pseudomonas  fluorescens,
Pseudomonas  aeruginosa and Aeromonas hydrophila (2 strains). Three
methanol extracts of C. iripa were active against all the six pathogens, whereas A.
corniculatum and A. cucullata were active against four of the pathogens. The
chromatographic fractionation of active extracts of 4. corniculatum, C. iripa and G.
corticata resulted in enriched fractions with wide spectrum activity and lowered
values of minimum inhibitory concentration.
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Introduction

Bacterial diseases are responsible for heavy mortality in wild and cultured
fish. The problems in the farms are usually tackled by preventing disease outbreaks
or by treating the actual disease with drugs or chemicals. The use of antimicrobial
agents has increased significantly in aquaculture practices (Alderman and Michel
1992). Antibiotics used in both human as well as veterinary medicines have been
tried experimentally to treat bacterial infections of fish. Problems including solubility,
palatability, toxicity, cost, delivery and governmental restrictions have limited
the available antibiotics to a select few, especially in food fish culture. Decreased
efficacy and resistance of pathogens to antibiotics has necessitated development of
new alternatives (Smith et al. 1994).

Many bioactive and pharmacologically active substances have been isolated
from algae. For instance, extracts of marine algae were reported to exhibit antibacterial
activity (Siddhanta et al. 1997, Mahasneh et al. 1995, Sachithananthan and Sivapalan
1975). Many authors had found antibacterial activities of microalgae due to fatty acids
(Cooper et al. 1983; Findlay and Patil, 1984; Viso et al. 1987; Kellam et al. 1988).
Changyi et al. (1997) opined that the fatty acids (PUFA) in litter fall of mangroves
might have positive role on the growth of fishes and shrimps.

Scanty literature is available on the antibacterial activity of mangroves.
However, studies of other biological activities in general are available. The study
of Premnathan et al. (1992, 1996) revealed that the mangroves were found highly
effective for antiviral activity as compared to seaweeds and sea grasses. Kokpal et
al. (1990) had also reported the bioactive compounds from mangrove plants. Some
mangroves had shown insecticidal activity (Miki et al. 1994, Ishibashi etal. 1993). Wu
et al. (1997) reported the cytotoxic and antiplatelet aggregation activity of methanol
extract of Aglaia elliptifolia.

Srinivasa Rao and Parekh (1981) showed that crude extracts of Indian
seaweeds were active only against Gram positive bacteria. Ethanol extracts from
56 Southern African seaweeds from the divisions Chlorophyta (green), Phacophyta
(brown) and Rhodophyta (red) scored highest antibacterial activity for Phacophyta
(Vlachos etal. 1997). Similar results were reported by Caccamese and Azzolina (1979)
and Pesando and Caram (1984) for screening studies on seaweeds of Mediterranean
and Eastern Sicily coast respectively.

Though literature speaks diverse studies of bioactivity of marine flora,
our work on testing the antibacterial efficacies of these on fish pathogens was
comparatively a new concept and not much attempt had been made earlier in this
line.

In previous studies, we evaluated the efficacy of sponges and coelenterates
(Choudhury et al. 2002 and 2003) for their antibacterial activity against bacteria



pathogenic to fish. In this study, some marine algae and mangrove plant extracts
were tested wherein we report their efficacy against six bacteria pathogenic to fish.

Materials and Methods

Marine algae were collected by hand from the submerged marine rocks
of Kalingapatnam and Erramukkam, Srikakulam district of Andhra Pradesh state,
India in low tide. Epiphytic and extraneous matter were removed by washing first
in sea water and then in fresh water. The algae were transported to the laboratory
in polyethylene bags at ice temperature. Specimens were preserved in 5% formalin.
Mangroves were collected from Bhitarkanika wild life sanctuary of Orissa, India
(during late winter season). Both algal and mangrove samples were identified by
experts in the respective fields.

The samples (algae/respective mangrove plant parts) were shade dried,
cut into small pieces and powdered in a mixer grinder. The extraction was carried
out with different solvents in the increasing order of polarity, namely: hexane,
chloroform, ethyl acetate, chloroform: alcohol (1:1) and methanol by soaking the
material in the respective solvents thrice overnight at room temperature (1:3 v/v).
The extraction with different solvents was carried out individually on samples. The
extracts from three consecutive soakings were pooled and freed from solvent by
evaporation under reduced pressure. The residues (crude extracts) obtained were
finally dried under vacuum and were tested for their inhibitory effects on six species
of fish pathogenic bacteria isolated from fresh water environment namely; Vibrio
alginolyticus (VA), Pseudomonas aeruginosa (PA). Aeromonas hydrophila (strain-
1, AHI), Edwardsiella tarda (ET), Pseudomonas fluorescens (PF) and Aeromonas
hydrophila (strain-2, AHII). The test bacterial pathogen cultures were obtained from
the stock cultures maintained in the Pathology Laboratory of Central Institute of
Fresh Water Aquaculture, ICAR, Bhubaneswar (Vimala et al. 2000).

The antibacterial assays were done by disc-assay method (Casida 1986). In
short, 500 ng of each extract dissolved in appropriate solvent (50 ul) was applied
to sterile filter paper discs (6 mm). After allowing the solvent to evaporate, the
discs were placed on nutrient agar test plates (Himedia, India) inoculated with 18 h
culture of the test pathogen (10° bacteria /ml) in Brain Heart Infusion (BHI) broth.
A disc loaded with only solvent was similarly prepared as a control. The plates were
incubated overnight at 37°C. The zone of inhibition of bacteria around the disc was
measured and the assay was scored positive (+) if it was < 2 mm, doubly positive
(++) if the zone was > 2 mm, triple positive (+++) if the zone of inhibition was >7
mm, and negative (-ve) if there was no inhibition of microbial growth (Thompson
et al. 1985). The bacterial assay results were compared with those obtained when
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challenging the bacterial pathogens with commercial antibiotics i.e., discs containing
gentamicin (10 pg), streptomycin (10 pg) and polymyxin B (300 IU).

Selected active crude extracts (2g) were fractionated by column
chromatography on silica gel (Acme, Mumbai, 100-200 mesh). Column (2 cm x
40 cm) was set up in n-hexane with silica gel (30-40 g). Based on the thin layer
chromatography (TLC) study of the crude extracts, the order of solvent of elution
in column chromatography was fixed as hexane, hexane:ethyl acetate (9:1), hexane:
ethyl acetate (1:1) and finally acetone. The column fractions (100 ml each) were
evaporated under vacuum and analysed by TLC. Fractions of similar TLC profile
were combined to get the final fractions, which were freed from solvent, re-dissolved
in appropriate solvent after weighing and screened for activity by disc diffusion
method as described above (100 pg/ 20-50pul solvent/ 6mm disc). Determination of
minimum inhibitory concentration (MIC) of the active crude extracts and of fractions
was carried out in the manner previously described.

Results

In the present pilot screening of 5 algae and 6 mangroves, 3 extracts from 3
marine algae and 14 extracts from five mangrove species were found to show species
specific activity against the six pathogens. The details of activity of different extracts
of marine algae / mangrove plant parts along with activity profile with standard
commercial antibiotics are presented in table 1.

The chloroform, methanol and ethyl acetate extracts of C. iripa (Leaf), 4.
corniculatum (Fruit) and 4. rotundifolia (Leaf) exhibited activities quite comparable
with the commercial antibiotic standards. P. aeruginosa (PA), E. tarda (ET) and A.
hydrophila 11 (AHII) were not sensitive to any of the algal species. Three extracts of
C. iripa (Me, EtA and CIf:Me (1:1)) were active against all the six pathogens tested.
Extracts of G. corticata showed activity against only P. fluorescens (PF) and V.
alginolyticus (VA). None of the extracts from two algae (Amphiroa fragillissima and
Cladophora sp.) and one mangrove (Xylocarpus moluccensis) showed any activity.

Fractionation of four selected active extracts by column chromatography
was carried out to yield various fractions. The results of antibacterial screening of
fractions showed better efficacies of fractions compared to extracts. The MICs of the
fractions compared to extracts are shown in figure 1 whereas the relative sensitivity
of pathogens to algae and mangrove species is presented in figure 2. The MIC values
of extracts showed a range of 37.5 to 400 pg with C. iripa showing the lowest MIC
(37.5 png), whereas the fractions exhibited 30-100 pg with better zones of inhibition
(data not shown).

The fractions from A. corniculatum, ACF-1 and ACF-2 (eluted with hexane:



ethyl acetate 9:1) showed increased activity in comparison to extracts against all the

pathogens (Fig. 1a).

Comparative data of MICs of extract and fractions of C. iripa is shown in

(Fig. 1b). Three fractions (CIF2, 3 and 4 eluted with hexane:ethyl acetate 9:1) of

C. iripa Me extract showed activity
against all the six pathogens in the
order CIF-4> CIF-3> CIF-2. More
polar fractions (CIF-5 and CIF-6
eluted with hexane:ethyl acetate 1:1
and acetone respectively) showed less
activity. The lowest MIC value (30
ng) was obtained with C. iripa, CRF-4
fraction.

In the case of G. corticata
activity was more concentrated in
the non-polar and moderately polar
fractions (GCF-1 (eluted with hexane)
and GCF-3 (eluted with hexane:ethyl
acetate 1:1), which showed activity
against all the six pathogens tested
(Fig. 1c¢).

In the case of A. rotundifolia
antibacterial activity was found in
the polar fraction ARF-4 eluted with
acetone. Fractions were not active
against PF and AHII, whereas the
extract had shown activity against PF
and AHIL

Most of the fractions showed
enhanced spectrum of activity showing
the enrichment of specific active
metabolites during the process. Eight
out of 19 fractions of marine flora
showed activity against all the six test
pathogens. The overall study of the
activity of fractions clearly showed
enrichment of the active metabolites
and their moderately polar nature.
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Fig. 1: MIC values of extract vs fractions of
(a) Aegiceras corniculatum, (b) Cynometra iripa
and (c) Gracilaria corticata
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Table 1. Antibacterial activity of crude extracts of mangroves and algae

Name of organism (part) / Solvent* Activity against pathogen
commercial antibiotics of extraction | VA PA AHI ET PF | AHII
Mangroves
Aegiceras corniculatum
(Fruit) Me ++ + - . + +
Xylocarpus granatum
(Stem) Me - - - + - -
(Cuticle) Me - - - + - -
(Leaf) Hex + - - - - -
Aegialitis rotundifolia Me - - - - ++ +
(Leaf)
Aglaia cucullata Me + + - ++ - +
(Leaf) Clf:Me - + - + - -
CIf + - - - -
Hex - - - + - +
Cynometra iripa Me ++ ++ ++ ++ ++ ++
(Leaf) EtA + + ++ ++ ++ ++
CIf ++ - + + + -+
Clf:Me + + + + + ++
Hex - - - - - -
Algae
Gracilaria corticata Me + - - - ++ -
Enteromorpha compressa Me - - - + - -
Ulva fasciata Me - - - - + -
Commercial Antibiotics
Gentamicin (10 pg) +H+ | ottt | A | | HEE | b
Polymyxin B (3001U) + ++ ++ + ++ ++
Streptomycin (10 pg) ++ ++ T R B T " s

* Hex = Hexane, CIf = Chloroform, EtA = Ethyl acetate, Me = Methanol

Discussion

Aglaia odorata (Ishibashi et al. 1993) and Aglaia elliptifolia (Wu et al.
1997) exhibited insecticidal and cytotoxic activities respectively. In our study of
A. cucullata (Leaf) Me extract was highly active (Table 1) against V. alginolyticus
(VA), P. aeruginosa (PA), E. tarda (ET) and A. hydrophila 11 (AH II). Thus, we can
conclude that various species of Aglaia had varied bioactive potentialities.

Hornsey and Hide (1974) tested 151 species of British marine algae and
found that, although antibacterial activity was more evident in some taxonomic



groups, it also varied seasonally. They found no activity was marked by Gracilaria
sp., Enteromorpha sp. and Cladophora dalmatica. But, in our case the alcohol extract
of G. corticata, E. compressa and U. fasciata showed moderate antibacterial activity
(Table 1).

Our results clearly showed that the Clf:-Me (1:1) and Me solvent systems
were efficient in extracting the active compounds. The antibacterial activity found
in three hexane extracts showed the success of the non-polar hydrophobic extracts
independent of diffusion parameters in the assay method employed.

Padmakumar and Ayyakkannu (1986) reported toluene-methanol (1:3)
extracts of species belonging to Rhodophyceae exhibited broad-spectrum activity
when compared to Chlorophyceae and Phaecophyceae. Vidyavathi and Sridhar (1991)
reported chloroform-methanol extract of fully grown G. corticata showed maximum
activity against S. aureus compared to medium and young stages of growth. Srinivasa
Rao and Parekh (1981) analysed Enteromorpha intestinalis and G. corticata collected
from Gujarat coast of India for antibacterial activity and found that the algae were
active throughout the year with a peak during the winter season.

Acetone and ethanol extracts of marine algae Cladophora fascicularis,
Caulerpa taxifolia, Chaetomorpha antennina, Ulva lactuca and G. corticata collected
from south-west coast of India in three seasons showed good inhibitory activity
against Bacillus subtilis. The results differ from the findings of (Crasta et al. 1997)
who had recorded significantly different inhibitory activity from season to season.

Our results also showed that
the sensitivity of pathogens is more to 9 OAlgae
mangrove extracts compared to algal 601 M Mangroves
extracts (Fig. 2) with V. alginolyticus
and A. hydrophila 11 showing maximum
sensitivity. P. fluorescens was moderately
sensitivetothealgal extracts. Intheirstudies
with algae, Padmakumar and Ayyakkannu 10 4
(1997) found that S. aureus was the most 0
susceptible bacterial pathogen followed by
Vibrio sp. whereas P. aeruginosa was most
resistant. Our ﬁndings fall in line with Fig. 2: Sensitivity of test pathogens vs percentage of
these observations. active species of algae and mangroves

In our case, some of the bacterial strains did not respond to extracts, whereas
the purified fractions showed broad-spectrum activity against multiple strains. This
might be due to masking of antibacterial activity by the presence of some inhibitory
compounds or factors in the extract as observed by Sastry and Rao (1994). The variation
of antibacterial activity of our extracts might be due to distribution of antimicrobial
substances, which varied from species to species as suggested by Lustigman and
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Brown (1991). Similar observations were made by Vlachos et al. (1997) who found
that fractionation of crude extracts tested enhanced their activity against both Gram
negative as well as the resistant Gram positive pathogens.

Enrichment of the antibacterial activity of lipid extracts of marine algae
Laurencia obtusa during fractionation process guided by TLC profiles has been
obtained (Caccamese et al. 1981), which tallied with our results where G. corticata
fractions were enriched with antibacterial activities in hexane eluent.

Sastry and Rao (1994) found the benzene extract of G. corticata showed
antibacterial activity only against Salmonella typhi and Escherichia coli whereas the
methanol and chloroform extracts had activity against P. aeruginosa. In our studies,
fractions of methanol (Me) extract of G. corticata had shown good activity against P
aeruginosa.

Conclusion

Overall, the present study provides enough data to show the potential of
mangrove and algae extracts for development of anti-pathogenic agents for use in
aquaculture. Ecologically, there is likelihood that the secondary metabolites / PUFAs
produced by the different marine flora may have a role in fish growth and protection
from diseases. The renewable / cultivable nature of marine flora is another advantage
for development of potential antibacterial products for use in feed or by other means
administration in aquaculture. Economically feasible standard operating procedures
can be developed in preparing the extracts/fractions in large scale with reproducible
antibacterial efficiency.

Acknowledgments

The authors thank the Directors of RRL, Bhubaneswar and CIFA,
Bhubaneswar for the facilities. Marine algae were identified by Prof. Umamaheswar
Rao, Andhra University, Visakhapatnam and mangroves were identified by Mr. K.S.
Murthy, I/C SMP Unit, Central Research Institute (AY), Bhubaneswar. One of us
(S.C) is grateful to DOD & CSIR for the research fellowship.

References

Alderman, D.J. and C. Michel. 1992. Chemotherapy in Aquaculture Today. In: Chemotherapy in
Aquaculture from Theory to Reality (ed. by C. Michel and D.J. Alderman), Office



International Des Epizooties, Paris. pp 3-4.

Caccamese, S. and R. Azzolina. 1979. Screening for antimicrobial activities in marine algae from
Eastern Sicily. Planta Medica 37: 333-339.

Caccamese, S., R. Azzolina, G. Furnari, M. Cormaci and S. Grasso. 1981. Antimicribial and antiviral
activities of some marine algae from eastern Sicily. Botanica Marina 24: 365-367.

Casida, L.E. 1986. Industrial Microbiology, Wiley Eastern Limited, New Delhi. pp 106-107.

Changyi, L., L. Liangmu and W. Hehai. 1997. Composition of fatty acids in mangrove leaves and
their worth as natural resources. Xiamen Danue Xuebao, Ziran Kexueban 36: 454-459.

Choudhury, S., P. Pattnaik, A. Sree, M. Bapuji and S.C. Mukherjee. 2002. Effect of soft coral,
gorgonian and hydroid extracts on growth inhibition of fish pathogenic bacteria. Journal of
Aquaculture in the Tropics 17: 319-323.

Choudhury, S., P. Pattnaik, A. Sree, M. Bapuji and S.C. Mukherjee. 2003. Antibacterial activity of
sponge extracts against fish pathogens. Aquaculture Research 34: 1075-1077.

Cooper, S., A. Battat, P. Marot and M. Sylvester. 1983. Production of antibacterial activities by two
bacillariophyceae grown in dialysis culture. Canadian Journal of Microbiology 29: 338-341.

Crasta, J. Premila, N.S. Raviraja and K.R. Sridhar. 1997. Antimicrobial activity of some marine algae
of Southwest Coast of India. Indian Journal of Marine Sciences 26: 201-205.

Findlay, J.A. and A.D. Patil. 1984. Antibacterial constituents of the diatom Navicula delognei. Journal
of Natural Products. 47: 815-818.

Hornsey, 1.S. and D. Hide. 1974. The production of antibacterial compounds by British marine algae.
I. Antibacterial producing marine algae. British Phycological Journal 9: 353-361.

Ishibashi, F., C. Satasook, M.B. Isman and G.H. Neil Towers. 1993. Insecticidal 1H-
Cyclopentatetrahydro [b] Benzofurans from Aglaia odorata. Phytochemistry 32: 307-310.

Kellam, S.J., R.J.P. Cannell, A.M. Owsianka and J.M. Walker. 1988. Results of a large scale screening
programme to detect antifungal activity from marine and freshwater microalgae in
laboratory culture. British Phycological Journal. 23: 45-47.

Kokpal, V., D.H. Miles, A.M. Payne and V. Chittawong. 1990. Chemical constituents and bioactive
compounds from mangrove plants. Studies in Natural Products Chemistry 7: 175-199.

Lustigman, B. and C. Brown. 1991. Antibiotic production by marine algae isolated from the New
York/New Jersey Coast. Bulletin of Environmental Contamination and Toxicology 46:
329-335.

Mabhasneh, 1., M. Jamal, M. Kashasneh and M. Ziodeh. 1995. Antibiotic activity of marine algae
against multiantibiotic resistant bacteria. Microbio 83: 23-26.

Miki, T., T. Sakaki, M. Shibata, Y. Inukai, H. Hirosue, Y. Ikema and S. Yaga. 1994. Soxhlet extraction
of mangrove and biological activities of extracts. Kyushu Kogyo Gijutsu Kenkyusho
Hokoku. 53: 3347-3352.

Padmakumar, K. and K. Ayyakkannu. 1986. Antimicrobial activity of some marine algae of Porto
Novo and Pondicherry waters, East Coast of India. Indian Journal of Marine Sciences. 15:
187-188.

Padmakumar, K and K. Ayyakkannu. 1997. Seasonal variation of antibacterial and antifungal
activities of the extracts of marine algae from southern coast of India. Botanica Marina 40:
507-515.

Pesando, D. and B. Caram. 1984. Screening of marine algae from the French Mediterranean coast for
antibacterial and antifungal activity. Botanica Marina 27: 381-386.

Premnathan, M., K. Chandra, S.K. Bajpai and K. Kathiresan. 1992. A survey of some Indian Marine
plants for antiviral activity. Botanica Marina 35: 321-324.

Premnathan, M., H. Nakashima, K. Kathiresan, N. Rajendran and N. Yamamoto. 1996. In vitro anti-
human immunodeficiency virus activity of mangrove plants. Indian Journal of Medical
Research. 103: 278-281.

*293 ¢



294 -

Sachithananthan, K. and A. Sivapalan. 1975. Antibacterial properties of some marine algae of Sri
Lanka. Bulletin of Fisheries Research Station, Sri Lanka. 26: 5-9.
Sastry, VM.V.S. and G.R.K. Rao. 1994. Antibacterial substances from marine algae: Successive
extraction using benzene, chloroform and methanol. Botanica Marina 37: 357-360.
Siddhanta, A.K, K.H. Mody, B.K. Ramavat, V.D. Chauhan, H.S. Garg, A.K. Goel, M. Jinandra Doss,
M.N. Srivastava, G.K. Patnaik and V.P. Kamboj. 1997. Bioactivity of marine organisms: Part
VIII-Screening of some marine flora of Western coast of India. Indian Journal Experimental
Biology 35:638-643.

Smith, P., M.P. Hiney and O.B. Samuelsen. 1994. Bacterial resistance to antimicrobial agents used in
fish farming. Annual Review of Fish Diseases 4:273-313.

Srinivasa Rao, P. and K.S. Parekh. 1981. Antibacterial activity of Indian seaweed extracts. Botanica
Marina 24: 577-582.

Thompson, J.F., R. P. Walker and D.J. Faulkner. 1985. Screening and bioassays for biologically active
substances from forty marine sponge species from San Diego, California, USA. Marine
Biology 88: 11-21.

Vidyavathi, N. and K.R. Sridha. 1991. Seasonal and geographical variations in the antimicrobial
activity of seaweeds from the Mangalore Coast of India. Botanica Marina 34: 279-284.

Vimala, A., S. Mishra, A. Sree, M. Bapuji, P. Pattnaik, S.C. Mukherjee and C.C. Rath. 2000. A note on
in vitro antibacterial activity of bacterial associates of marine sponges against common fish
pathogens. Journal of Aquaculture 8: 61-65.

Viso, A.C., D. Pesando and C. Baby. 1987. Antibacterial and antifungal properties of some marine
diatoms in culture. Botanica Marina 30: 41-45.

Vlachos, V., A.T. Critchley and A. von Holy. 1997. Antimicrobial activity of extracts from selected
Southern African marine macroalgae. South African Journal of Science 93: 328-332.

Wu, T.S., M.J. Liou, C.S. Kuon, C.M. Teng, T. Nagao and K.W. Lee. 1997. Cytotoxic and antiplatelet
aggregation principles from Aglaia elliptifolia. Journal of Natural Products 60: 606-608.



