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ABSTRACT

Fatty acids arewidely occurring in natural fats and dietary oils and they are known to have antibacterial and
antifungal properties. However, little is known on the antibacterial and antifungal properties of the blind-
your-eye mangrove (Excoecaria agallocha) and this study for the first time determines the fatty acid
composition and the antibacterial and antifungal activitiesof Fatty Acid Methyl Esters (FAME) of the blind-
your-eye mangrove plant found along the coastal areas of south India.
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INTRODUCTION

Blind-your-eye, Excoecaria agallocha (Euphorbiacese) is
a typical mangrove associated species that occur along the
coastal areas of Tamil Nadu State, India. Itscommon namerefers
to the damaging effect that the white milky sap can have on
human eyes. This tree has religious significance for the local
community and people who visit the Hindu temple at
Chidambaram town revere this sacred plant. Various parts of
this plant have been used in the traditional medicine for the
treatment of ulcers, leprosy and also as an aphrodisiac for
decades (9). In Sri Lanka, the smoke of the burning wood has
been used in the treatment of leprosy, while the root pounded
with ginger has been used to reduce swellings of hands and
feet (6). A novel Phorbol ester, an anti-HIV principle has also
been isolated from the leaves and stem of this unique plant (8).

Fatty acids are widely occurring in natural fats and dietary
oilsand they play an important role as nutritious substances and
metabolitesin living organisms(3). Many fatty acidsare known
to have antibacterial and antifungal properties (14). However,
little is known on the antibacterial and antifungal properties of
Excoecaria agallocha. In this paper, we present data on the
Fatty Acid Methyl Esters (FAME) of leaves of Excoecaria
agallocha and its antibacterial and antifungal properties.

MATERIALSAND METHODS

Leaves of the blind-your-eye mangrove (Excoecaria
agallocha- herbarium # AUBQOT 140) were collected from the
mangroveforest at Pichavaram (11°24° N and 79°44" E) located
in Tamil Nadu State (India) during aroutinefield trip conducted
in November 2005. L eaveswerewashed with water, then surface
sterilized with 10% sodium hypochlorite solution and rinsed
with steriledistilled water (17). After drying at room temperature,
samples were ground into a fine powder. Twenty grams of
powder were refluxed with amixture of dry methanol, benzene
and sulphuric acid (200: 100: 10 v/v) for 2 h. The filtrate was
transferred to aseparating funnel and 60-70 cc of distilled water
was added. A small amount of hexane was added and pooled.
The hexanefraction was separated into two layersand thelower
layer was removed. The upper layer was washed with 50 cc of
10% sodium bicarbonate, shaken twice and the lower layer
removed. The upper layer was washed twice with saturated
0.9% sodium chloride solution. The upper layer was saved and
passed through sodium sulphate and the extract obtained was
evaporated (18). The residue was dissolved in hexane and
analyzed by Gas Chromatography (Varian, Inc., USA). The
capillary column used to separate the fatty acids was CP-Wax
5g (chrompack; 50 mx0.20 mm).
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Thetest solution was prepared with known weight of crude
extracts, dissolved in 5% dimethyl sulphoxide. Sterilefilter paper
discs (Whatman No. 1; 6 mm) were impregnated with 20 pl of
thisextract (corresponding to 10, 5 and 2.5 mg of crude FAME
extract respectively) and allowed to dry at room temperature.
Four strains of Gram-positive bacteria(Bacillus subtilisNCIM
2063, B. pumilusNCIM 2327, Micrococcus luteusNCIM 2376,
and Staphylococcus aureus NCIM 2901) and three strains of
Gram-negative bacteria (Pseudomonasaeruginosa NCIM 5031,
Klebsidlla pneumoniae NICM 2957 and Escherichia coli NCIM
2256) obtained from the National Collection of Industrial
Microorganisms (NCIM), Biochemical Sciences the National
Chemical Laboratory at Pune (India) were used. The stock
cultureswere maintained on nutrient agar medium at 4°C. Yeasts
such as Candida albicans, C. krusei, C. tropicalis and C.
parapsilosis were obtained from the Rajah Muthiah Medical
Collegeand Hospital (Annamalai University, India).

In vitro antibacterial activity was determined by using
Mueller Hinton agar and Mueller Hinton broth. In vitro
antifungal activity was determined by using antifungal assay
agar, Sabouraud’s dextrose agar and yeast nitrogen base
(obtained from Himedia Ltd., Mumbai, India). The selected
bacterialyeasts (24 h culture) were mixed with physiological
salineand theturbidity was adjusted to aMac Farland turbidity
standard of 0.5 by adding sterile physiological saline. The agar
diffusion method was used for antibacterial and antifungal
susceptibility tests (13). Plateswere prepared by pouring freshly
prepared Mueller Hinton agar for bacteriaand antifungal assay
agar for fungi into Petri platesand allowed to solidify, towhich
0.1 ml of standardized inoculum suspension was poured and
uniformly spread. The excess inoculum was drained and the
plates were allowed to dry for 5 minutes, then the discs were
placed on the inoculated agar. Ciprofloxacin (5 pg/disc) and
Amphotericin B (100 units/disc) were used as positive control
and 5% DM SO was used as negative control. The inoculated
plateswereincubated at 37°C for 24 h (bacteria) and 28°C for 48
h (yeasts).

Minimum inhibitory concentration of the FAME extract was
tested in Mueller Hinton broth for bacteria and yeast nitrogen
base for yeasts by two fold seria dilution method. The test
extract was dissolved in 5% DMSO to obtain 4 mg stock
solutions. 0.5mg of stock solution wasincorporatedinto 0.5 ml
of Mueller Hinton broth for bacteria and yeast nitrogen base
for yeast to get aconcentration of 2, 1, 0.5, 0.25, 0.125 and 0.06
mg.mi-t Fifty pl of standardized suspension of thetest organism
were transferred to each tube. A control tube, containing the
microorganisms but not the FAME extract, was also prepared.
Theculturetubeswereincubated at 37°C for 24 h (bacteria) and
28°C for 48 h (yeast). The MIC was defined as the lowest
concentration of the extract that did not show any growth of
the tested microorganism after macroscopic evaluation. The
Minimum Bactericide Concentration (MBC) and Minimum
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Fungicide Concentration (MFC) of the extractswere determined
by plating 100 pl samplesfrom each MIC assay tubewith growth
inhibitioninto freshly prepared Mud ler Hinton agar (for bacteria)
and Sabouraud dextrose agar (for yeast) plates. The MBC and
MFC were recorded as the lowest concentration of the extract
that did not permit any visiblebacterial and funga colony growth
on the agar plate after the period of incubation.

RESULTSAND DISCUSSION

The analysis of FAME extract of Excoecaria agallocha by
gas chromatography revealed higher amount of saturated fatty
acidsthan unsaturated fatty acids (Fig. 1). Among thefatty acids,
palmitic acid (56.02%) and lauric acid (18.12%) wererecordedin
higher quantity (Table 1). Among the saturated fatty acids, higher
amount of myrigtic acid (3.61%) followed by stearic acid (2.80%),
pentadecancic acid (2.65%), heptadecanoic acid (1.04%) and lower
amount of tridecanoic acid (0.80%), behenicacid (0.80%), arachidic
acid (0.13%) and nondecanoic acid (0.02%) were recorded. The
presence of myristic, stearic, heptadecanoic and arachidic acids
was reported previously in the roots, shoots and seeds of
Salicornia bigelovii and in the wax esters of some mangrove
leaves (11,20). Besides, the occurrence of myristic acid and
pentadecanoic acid has been reported in some species of marine
macro algae (18,19). Among unsaturated fatty acids, we found
higher percentage of linolenic acid (7.20%), followed by linoleic
acid (3.13%) and oleicacid (1.71%).

The FAME extracts possessed antibacterial and antifungal
activitiesagainst atotal of 11 microorganisms (7 bacteriaand 4
yeast; Table 2). The mean zone of inhibition of the extract,
assayed against the test organisms ranged between 7.3 and
16.6 mm. The Ciprofloxacin (5 pg/disc) antibacterial positive
control produced zones of inhibition that ranged from 31 to 36

1
400+
5
300+
b
3
< 2004
1004
3
78
0 LEWL&A,%OR 213 14
T T T T 1
10 20 30 40
Minutes

Figurel. A chromatogram of thefatty acid methyl esters(FAME)
of the leaves of the blind-your-eye mangrove, Excoecaria
agallocha (8, 9 and 11 unsaturated fatty acids)



Table 1. Fatty acid composition of leaves of Excoecaria
agallocha.

Peak Retention Fatty No.of  Reative
No. time(min.) acid carbon percentage
atom
1 2684 Lauricacid C120 1812
2 3547 Tridecanoic acid C130 0.80
3 4347 Myristic acid C140 361
4 5646 Pentadecanoic acid C150 265
5 7034 Pamiticacid C160 56.02
6 9276 Heptadecanoic acid C17:0 14
7 12417 Stearic acid C180 280
8 13.351 Oleicacid C181 171
9 15579 Linoleicacid c182 313
10 16847 Nondecanoicacid C190 0.02
1 19.331 Linolenicacid Cc183 720
12 2317 Arachidic acid Cc200 013
13 34524 Heneicosanoicacid C21.0 ND
14 43272 Behenic acid C220 080

ND — Could not be detected; Saturated fatty acids- 85.99; Unsaturated
fatty acids - 12.04; Unidentified acids - 1.97; Total - 100.0.

mm. Amphotericin B (100 units/disc) antifungal positive control
produced zones of inhibition that ranged from 17 to 18 mm. The
MIC of the FAME extractswere 0.125 mg/ml for Bacillussubtilis

FAME of the blind-your-eye mangrove

and Saphylococcus aureus; 0.5 mg for Bacillus pumilus,
Micrococcus luteus, Pseudomonas aeruginosa, Klebsiella
pneumoniae, Candida albicans, C. krusei and C. parapsilosis;
and 1 mg for Escherichia coli and Candida tropicalis. These
differences could be due to the nature and level of the
antimicrobia agents present in the extracts and their mode of
action on different test microorganisms (2).

Thehighest mean zone of inhibition of 16 mm and thelowest
MIC value of 0.125 mg and MBC values of 0.25 mg were
produced by FAME extract of Excoecaria agallocha against
Bacillus subtilis and Saphylococcus aureus. We have reported
a similar observation previously with the extracts of certain
marine algae against Bacillus subtilis, Micrococcus luteus,
Staphylococcus aureus, Salmonella typhimurium,
Pseudomonas aeruginosa, Klebsiella pneumoniae and
Escherichia coli as well as with the extract of |pomoea pes-
caprae against Bacillus subtilis, B. pumilus, Micrococcus
luteus, Staphylococcus aureus, Pseudomonas aeruginoa,
Klebsiella pneumoniae and Escherichia coli, respectively (1,
4). Moreover, a previous study of liphophylic extracts derived
from 15 different plant parts of Pistacia vera showed activity
against Escherichia coli, Enterococcus faecalis and
Saphylococcusaureus(12). Similarly, linoleic acidisolated from
Schotia brachypetala displayed antibacterial activity against
Bacillus subtilis, Staphylococcus aureus, Klebsiella
pneumoniae and Escherichia coli (10). The bioactivefractions,
linoleic acid and oleic acid from Pelagonium sp. possessed
antibacterial activity against Mycobacterium aurum and M.

Table 2. Antibacterial and antifungal activities of FAME extract of leaves of Excoecaria agallocha.

Mean zone of inhibition 2 (mm)® FAME extract
FAME extract CIP AMP
# Microorganisms Concentration of the 5mg/disc 100 units/disc MICmg MBC/
disc (mg/disc) MFCmg
20 100 50
1 Bacillus subtilis 166 140 126 30 NT 0125 025
2 Bacillus pumilus 130 100 83 36.0 NT 05 1
3 Micrococcus luteus 140 120 100 320 NT 05 1
4, Saphylococcus aureus 160 140 120 310 NT 0125 025
5. Pseudomonas aeruginosa 110 90 76 30 NT 05 1
6. Klebsiella pneumoniae 120 100 73 340 NT 05 1
7. Escherichia cali 106 90 80 310 NT 1 2
8 Candida albicans 123 100 83 NT 180 05 1
9. Candida krusei 120 100 80 NT 180 05 1
10. Candida tropicalis 110 90 80 NT 170 1 2
11 Candida parapsilosis 116 100 80 NT 170 05 1

a— Mean of three assays; b — Diameter of zone of inhibition (mm) including disc diameter of 6mm; CIP-Ciprofloxacin antibacterial standard;

AMP — Amphotericin-B antifungal standard; NT — Not tested.
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phlei. Furthermore, the linoleic acid was reported to be active
against Mycobacterium smegmatis and M. fortuitum (19).

In the present study, the Gram-positive bacteria were more
susceptiblethan the Gram-negative bacteria. Similar resultswere
obtained with FAME extracts of leaves of |pomoea pes-caprae
and lipophylic extracts of various plant parts of Pistacia vera
(4,12). These differences in the fatty acid sensitivities between
Gram-positive and Gram-negative bacteriamay result from the
impermeability of the outer membrane of Gram-negative bacteria
sincethe outer membrane of Gram-negative bacteriaisan effective
barrier against hydrophobic substances (5,16). In fact, Gram-
negative bacteria are more resistant to inactivation by medium
and long chain fatty acidsthan Gram-positive bacteria (7).

Lauric, palmitic, linolenic, linoleic, oleic, stearic and myristic
acids are known to have potential antibacterial and antifungal
agents (10, 15). Our study undoubtedly confirmsthat theleaves
of Excoecaria agallocha contain higher relative percentage of
the above mentioned fatty acidsthat has potentia antibacterial
and antifungal principlefor clinical application.
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RESUMO

Atividade antibacteriana e antifingica de ésteres
metilicos de acidos graxos de mangue
“blind-your-eye” dalndia

Gorduras naturais e 6leos sdo abundantes em acidos graxos
gue apresentam atividade antibacteriana e antifungica.
Entretanto, pouco se sabe sobre a atividade antibacteriana e
antifiingica de ésteres metilicos de acidos graxos de mangue
“blind-your-eye” (Excoecaria agallocha). Esse estudo relata,
pelaprimeiravez, acomposi¢éo em &cidosgraxos e aatividade
antibacteriana e antifungica de ésteres metilicos de acidos
graxos (FAME) de mangue “blind-your-eye” encontrado ao
longo de areas costeiras do sul da India.

Palavras-chave: de mangue “blind-your-eye”, Excoecaria

agallocha, atividade antibacteriana, atividade antifungica,
ésteres metilicos de acidos graxos

742

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

REFERENCES

Ananatharaj, M.; Venkatesalu, V.; Chandrasekaran, M.; Sivasankari,
S. (2004). Screening of fatty acid methyl esters of marine algae for
antibacterial activity. Seaweed Res. Uti., 26, 87-92.

Barbour, E.K.; Sharif, M.A.; Sagherian, V.K.; Habre, A.N.; Talhouk,
R.S.; Talhouk, S.N. (2004). Screening of selected indigenous plants
of Lebanon for antimicrobial activity. J. Ethnopharmacol., 93,
1-7.

Cakir, A. (2004). Essential oil and fatty acid composition of the
fruits of Hippophae rhamnoides L. (Sea Buckthorn) and Myrtus
communis L. from Turkey. Biochem. System. Ecol., 32, 809-816.
Chandrasekaran, M.; Venkatesalu, V.; Anantharaj, M.; Sivasankari,
S. (2005). Antibacterial activity of fatty acid methyl esters of
Ipomoea pes-caprae (L.) Sweet. Indian Drugs, 42, 275-281.
Galbraith, H.; Miller, T.B. (1973). Effect of long-chain fatty acids
on bacterial respiration and amino acid uptake. J. Appl. Bacteriol.,
36, 659-675.

Jayaweera, D.M.A. (1980). Medicinal plants used in Ceylon. J. Natl.
Sci. Coun. i Lanka, 2, 214-215.

Kabara, J.J. (1981). Food-grade chemicals for use in designing food
preservative systems. J. Food Prot., 44, 633-647.

Karalai, C.; Wiriyachitra, P; Opferkuch, H.J.; Hecker, E. (1994).
Cryptic and free skin irritants of the daphnane and tigliane types in
latex of Excoecaria agallocha. Planta Medica, 60, 351-355.
Kirtikar, K.R.; Basu, B.D. (1999). Indian Medicinal Plants. Vol. |-
IV, Lalit Mohan Basu Publishers, Allahabad, India

McGaw, L.J.; Jager, A.K.; Van Staden, J. (2002). Isolation of
antibacterial fatty acids from Schotia brachypetala. Fitoter., 73,
431-433.

Misra, S.; Datta, A.K.; Chattopadhyay, S.; Choudhury, A.; Ghosh, A.
(2987). Hydrocarbons and wax esters from seven species of mangrove
leaves. Phytochem., 26, 3265-3268.

Ozcelik, B.; Adan, M.; Orhan, 1.; Karaoglu, T. (2005). Antibacterial,
antifungal and antiviral activities of the lipophylic extracts of Pistacia
vera. Microbiol. Res., 160, 159-164.

Rubio, M.C.; Gil, J;; de Ocariz, |.R.; Benito, R.; Rezusta, A. (2003).
Comparison of Results Obtained by Testing with Three Different
Agar Media and by the NCCLS M27-A Method for In Vitro Testing
of Fluconazole against Candida spp. J. Clin. Microbiol., 41, 2665-
2668.

Russel, A.D. (1991). Mechanisms of bacterial resistance to non-
antibiotics: food additives and food pharmaceutical preservatives. J.
Appl. Bacteriol., 71, 191-201.

Seidel, V.; Taylor, PW. (2004). In vitro activity of extracts and
constituents of Pelagonium against rapidly growing mycobacteria.
Int. J. Antimicrob. Agen., 23, 613-619.

Sheu, C.W.; Freese, E. (1973). Lipopolysaccharide layer protection
of Gram negative bacteria against inhibition by long-chain fatty
acids. J. Appl. Bacteriol., 115, 869-875.

Venkatesalu, V.; Sundaramoorthy, P.; Ananthara, M,
Chandrasekaran, M. (2003a). Fatty acid composition of some marine
algae. Seaweed Res. Util., 25, 95-98.

Venkatesalu, V.; Sundaramoorthy, P.; Ananthara, M,
Chandrasekaran, M. (2003b). Fatty acid composition of some
Rhodophycean marine macro algae. Phykos, 41, 59-62.
Venkatesalu, V.; Sundaramoorthy, P.; Ananthara, M,
Gopalakrishnan, M.; Chandrasekaran, M. (2004). Studies on the
fatty acid composition of marine algae of Rameswaram coast.
Seaweed Res. Util., 26, 83-86.

Weete, J.D.; Rivers, W.G.; Weber, D.J. (1970). Hydrocarbon and
fatty acid distribution in the halophyte, Salicornia bigelovii.
Phytochem., 9, 2041-2045.



