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ABSTRACT 
 
Chemical investigation of the dichloromethane extract of the fire coral, Millepora dichotoma yielded β-sitosterol 
(1), triacylglycerols (2), and wax esters (3).  The structures of 1-3 were identified by comparison of their NMR data 
with literature data.  
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INTRODUCTION 
 

Millepora spp. are important colonial hydrozoan corals that are found throughout the coral reef systems in the 
Atlantic and Indo-Pacific oceans, contributing on average, to about 10% of the total surface cover, although it could 
be much more abundant in some local areas [1. 2]. Colonies of millepores usually grow within the shallow region of 
the reef (< 5 m), but species have been documented to exist at depths of up to 40 meters [2, 3].  These animals, 
belonging to the class Hydrozoa, are not considered true stony corals (class Anthozoa). Millepores, similar to other 
cnidarians, have special stinging cells known as cnidocytes that contain a cocktail of toxins   which is released after 
appropriate stimulation. They derive their common name of “fire corals” from the fact that contact with these 
animals result in a painful and burning sensation, usually followed by other pathological reactions [4, 5]. These 
corals are also referred to as hydrocorals [6]. 
 
One of the earliest work on fire coral toxins demonstrated that these bioactive molecules are proteinaceous in nature, 
having been purified from the nematocysts, a special organelle within the cnidocytes that contains the toxins [7-9]. 
These isolated toxins exhibited biological effects similar to those recorded for accidental human envenomation. 
More recent investigations on the crude protein extracts afforded new protein toxins milleporin-1 [10], a novel 
phospholipase A2 active protein, and a cytotoxic novel dermatopontin, MCTx-1 [11].In addition to these 
bioactivities, crude protein extracts from fire corals also exhibited vasoconstrictor, haemolytic, vasopermeable, 
dermonecrotic, and calcium-dependent smooth muscle excitatory effects [3, 12, 13]. 
 
Almost all of the available literature on fire coral metabolites published so far have focused on these protein toxins 
and their characterization. The presence of long-chain wax esters and 4-diphenylamine, and the sugar and lipid 
contents of M. dichotoma and M.platyphylla [14, 15]have been reported. Furthermore, Okinawan corals which 
included M. murrayi afforded monoalkyldiacylglycerol, triacylglycerols, palmitic acid, stearic acid, oleic acid, and 
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11 sterols, 4of which were identified as cholesterol, 24-methylenecholesterol, campesterol and β-sitosterol [6] which 
are of relevance to our present report.  
 
In this study, the dichloromethane extract of M.dichotoma was subjected to silica gel chromatography to yield1-
3(Fig. 1) and the structures of these compounds were determined by NMR spectroscopy. To the best of our 
knowledge, this is the first report of the presence of 1 and 2 from M. dichotoma. 
 

 
Fig. 1.  Chemical structures of β-sitosterol (1), triacylglycerols (2), and wax esters (3) from M. dichotoma 

 
MATERIALS AND METHODS 

 
General Experimental Procedures 
Sample spectra were obtained on a JEOL ECA500 spectrometer with CDCl3 as solvent.Normal phase, open-column 
chromatography was performed with silica gel 60 (70-230 mesh), while thin layer chromatography was carried out 
on plastic backed plates with silica gel F254. Plate visualization was conducted using a vanillin/H2SO4 solution 
followed by heating. 
 
Sample Collection 
Millepora dichotoma was collected by scuba in Puerto Galera Island, Oriental Mindoro, Philippines on March 2015 
by Dr. Wilfredo Licuanan of the Biology Department of De La Salle University. The samples were immediately put 
in ice, transported to the laboratory, and stored in a freezer prior to analysis. The sample was identified by Dr. 
Abdulmohsin Abdullah M. Al-Sofyani of the Marine Biology Department, King Abdulaziz University, Saudi 
Arabia. 
 
General Isolation Procedure 
A glass column 12 inches in height with 0.5 in internal diameter was used for the fractionation of the crude extract. 
Fractions of 10 mL volumes were collected and monitored by thin layer chromatography. Fractions containing spots 
with similar Rf values were combined and rechromatographed using the appropriate solvent. Final purification was 
carried out using Pasteur pipette as the column, collecting 1 mL fractions. TLC-pure isolates were combined, and 
after evaporation of the solvent, were subjected to NMR analysis. 
 
Isolation of Chemical Constituents  
Frozen fire coral samples, M.dichotoma, weighing 44 g were freeze dried overnight to yield 37.9 g of the dried 
sample. These were finely ground using a mortar and pestle and subsequently soaked in CH2Cl2 for 3 days. The 
extract was concentrated in a vacuum rotatory evaporator to afford 201.2 mg of the crude extract, which was then 
subjected to fractionation with increasing proportions of acetone in CH2Cl2 at 10% (v/v) increment. The 10% 
acetone in CH2Cl2 fraction was rechromatographed using 5% EtOAc in petroleum ether to afford 3after washing 
with petroleum ether. The 20% acetone in CH2Cl2 fraction yielded2 after rechromatography using 5% EtOAc in 
petroleum ether.The 40% and 50% acetone in CH2Cl2 fractions were combined and subjected to silica gel 
chromatography using 20% EtOAc in petroleum ether as eluent to afford 1after washing with petroleum ether. 
 
β-Sitosterol (1) 1H NMR (500 MHz, CDCl3): δ 3.51 (m, H-3), 2.27, 2.21 (H2-4), 5.32 (dd, J = 5.5, 1.5 Hz, H-6), 0.66 
(s, CH3-18), 0.99 (s, CH3-19), 0.90 (d, J = 6.5 Hz, CH3-21), 0.80 (d, J = 7.0 Hz, CH3-26), 0.83 (d, J = 7.0 Hz, CH3-
27), 0.86 (t, J = 7.0 Hz, CH3-29). 
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Triacylglycerols (2): 1H NMR (500 MHz, CDCl3): δ 4.28 (dd, J = 2, 12 Hz, glyceryl CH2O), 4.12 (dd, J = 6.0, 12 
Hz, glyceryl CH2O), 5.25, 5.15 (m, glyceryl CHO), 2.29 (t, J = 7.5 Hz, α-CH2), 5.36 (m, olefinic H), 2.80  (m, 
double allylic CH2), 1.97-2.09 (allylic, CH2), 1.57-1.62 (β-CH2), 1.23-1.35 (CH2),  0.96 (t, J = 7.5 Hz, CH3), 0.86 (t, 
J = 6.5 Hz, CH3);  

13C NMR (125 MHz, CDCl3): δ 62.0, 62.1, 62.3, 62.8 (glyceryl CH2), 68.9, 71.7 (glyceryl CH), 
173.5, 173.3, 173.2, 172.9, 172.6, 172.4, 172.1 (COO), 31.9, 32.0, 29.70, 29.66, 29.5, 29.4, 25.6, 22.7 (CH2), 14.3, 
14.1 (CH3). 
 
Wax esters (3): 1H NMR (500 MHz, CDCl3):  δ  0.86 (t, J = 7.0 Hz), 1.20-1.30 (m), 1.55-1.62 (m), 1.97-2.09 (m), 
2.27 (t, J =7.5 Hz), 2.79 (t, J = 6 Hz), 2.82 (t, J = 6 Hz), 4.03 (t, J = 7 Hz, CH2O), 5.26-5.40(m, CH=); 13C NMR 
(125 MHz, CDCl3):  δ 174.2 (COO), 132.2, 129.4, 128.8, 128.5, 128.4, 128.3, 128.1, 127.2 (CH=CH), 64.8, 64.6 
(CH2O),  32.1, 29.92, 29.88, 29.7, 29.6, 25.8, 22.9 (CH2), 14.5, 14.3 (CH3). 
 

RESULTS AND DISCUSSION 
 

Silica gel chromatography of the dichloromethane extract of the fire coral, M. dichotoma  yielded β-sitosterol 
(1)[16], triacylglycerols (2) [17], and wax esters (3) [18].  The structures of 1-3 were identified by comparison of 
their NMR data with those reported in the literature. The extract yielded two fractions containing mixtures of sterols 
with β-sitosterol (1) as the major sterol. 
 
The major fatty acids attached to the glycerol in the triacylglycerols (3)were identified as linoleic acid and linolenic 
acid as deduced from the integrations and intensities of the 1H NMR resonances at δ 2.80 for the double allylic 
olefinicprotons and at δ 5.36 for the olefinic protons of linoleic and linolenic acids, and the methyl protons at δ 0.86 
and 0.96 for the terminal methyls of linoleic acid and linolenic acid, respectively [19].Based on integrals of the 
methyl protons at δ 0.86 and 0.96, the ratio of the linoleic acid to linolenic acid is 2:1.  The 13C NMR spectrum of 3 
indicated resonances for carboxylates at δ 172.1-173.5, olefinic carbons at δ 127.0-132.0, oxymethine carbons at δ 
68.9 and 71.7, oxymethylene carbons at δ 62.0-62.8, methylene carbons at δ 22.7-31.9, and methyl carbons at δ 14.1 
and 14.3.  The presence of four resonances for the oxymethylene carbons at δ 62.0-62.8 suggested that 3 is a mixture 
of triacylglycerols. 
 
The wax esters (3)are mixtures of compounds containing linoleic acid, linolenic acid and saturated fatty acids.  
These were deduced from the integrations and intensities of the resonances for linolenic and linoleic acids [18]and 
the methyl triplet at δ 0.86 for the saturated fatty acids and linoleic acid.  The oxymethylene protons at δ 4.03 
confirmed the presences of CH2OCO in 3.  Furthermore, the 13C NMR spectrum of 3 gave resonances for an ester 
carbonyl at δ 174.2, olefinic carbons at δ 127.2-132.2, oxymethylene carbons at δ 64.8 and 64.6, methylene carbons 
at δ 22.9-32.2 and methyl carbons at δ 14.5 and 14.3 [18].  The presence of oxymethylene carbons at δ 64.8 and 64.6 
suggested that 3 is a mixture of wax esters. Wax esters have been previously identified as constituents of M. 
dichotoma [15]. 
 

CONCLUSION 
 

The dichloromethane extract of M. dichotoma yielded β-sitosterol (1), triacylglycerols (2), and wax esters (3).  The 
major fatty acids attached to the glycerols of 2and the wax esters (3)are linolenic acid and linoleic acid which belong 
to the omega-3 and omega-6 fatty acids, respectively. It is interesting to note that 1 [20-26] and 2 [27, 28]which are 
reported for the first time from this fire coral,as well as the omega-3 [29-31] and omega-6 [32, 33] fatty acids have 
been reported to exhibit anticancer properties.  
 
Acknowledgement 
R.A.E. wishes to acknowledge Dr. Wilfredo Licuanan of the Biology Department of De La Salle University (DLSU) 
for collecting the sample and to Prof. Michio Murata of Osaka University, for assistance with the NMR 
measurements. A grant from the University Research Coordination Office of DLSU (52 N 3TAY14-3TAY15) is 
also acknowledged. 
 

REFERENCES 
 

[1] K. Soong, L.C. Cho,Coral Reefs, 1998, 17, 145-154. 
[2] J.B. Lewis, Adv. Mar. Biol.,2006, 50, 1-55. 



Consolacion Y. Ragasa et al Der Pharma Chemica, 2016,8 (3):245-248 
_____________________________________________________________________________ 

248 

[3] F.F.Y. Radwan, Comp.Biochem. Phys. C,2002, 131, 323-334. 
[4] W.E. Moats, J. Wilderness Med.,1992, 3, 284-287. 
[5] G.V. Prasad, L. Vincent, R. Hamilton, K. Lim, Am. J. Kidney Dis., 2006, 47, e15-e16. 
[6] H. Yamashiro, H. Oku, H. Higa, I. Chinen, K.Sakai, Comp. Biochem. Physiol. Part B, 1999, 122, 397–407. 
[7] R.E. Middlebrook, L.W. Wittle, E.D. Scura, C. E.  Lane, Toxicon., 1971, 9, 333-336. 
[8] L.W. Wittle, E.D. Scura, R.E. Middlebrook, Toxicon., 1974, 12, 481-486. 
[9] L.W. Wittle, C. A. Wheeler, Toxicon., 1974, 12, 487-493. 
[10] F.F.Y. Radwan, H.M. Aboul-Dahab,Comp. Biochem. Phys. C.,2004, 139, 267-272. 
[11] A. Iguchi, S. Iwanaga, H. Nagai, Biochem. Biophys. Res. Co.,2008, 365, 107-112. 
[12] C. Ibarra-Alvarado, J.A. Garcia, M.B. Aguilar, A. Rojas, A. Falcon, E.P. Heimer de la Cotera, Comp. Biochem. 
Phys. C.,2007, 146, 511-518. 
[13] A. Rojas, M. Torres, J.I. Rojas, A. Feregrino, E.P. Heimer de la Cotera, Toxicon.,2002, 40, 777-785. 
[14] S.S. Al-Lihaibi, Res. J. Chem. Environ.,2005, 9, 28-32. 
[15] S.S. Al-Lihaibi, A. Al-Sofyani, G.R. Niaz, V.U. Ahmad, M. Noorwala, F.V. Mohammad, Sci. Mar.,2002, 66, 
95-102. 
[16] C.Y. Ragasa, V. D. Ebajo Jr., M. M.De Los Reyes, E. H. Mandia, R. Brkljača, S. Urban,J. Appl.Pharm. 
Sci.,2015, 5(Suppl. 2), 16-21. 
[17] C.Y. Ragasa, G. S. Lorena, E. H. Mandia, D. D. Raga, C.-C. Shen,Am. J. Essent. Oils Nat. Prod.,2013, 1(2), 7-
10. 
[18] N. Al-Arafi,J. Salimon,E-J. Chem.,2012, 9(1), 99-106. 
[19] C.Y. Ragasa, V. A. S.Ng, O. B. Torres, N. S. Y. Sevilla, K. V. M. Uy, M. C. S. Tan, M. G. Noel, C.-C. Shen,J. 
Chem. Pharm. Res.,2013,5(12), 1237-1243. 
[20] A. B. Awad, M. Chinnman, C. S. Fink, P. G. Bradford,Phytomed.,2007, 14, 747-754. 
[21] G. K. Jayaprakasha, K. K. Mandadi, S. M. Poulose, Y. Jadegoud, G. A. Gowda, B. S. Patil,Bioorg. Med. 
Chem.,2007, 15, 4923-4932. 
[22] Y. H.  Choi, K. R. Kong, Y. A. Kim, K. O. Jung, J. H. Kil, S. H. Rhee, K. Y. Park,Int.  J.  Oncol., 2003, 23(6), 
1657-1662. 
[23]  A. A. Baskar, S. Ignacimuthu, G. Paulraj, K. Numair,BMC Comp. Alt. Med.,  2010, 10, 24. 
[24] E. D. Jesch, J. M. Seo, T. P. Carr, J. Y. Lee,Nutr. Res.,2009, 29(12), 859‒866 
[25] D. O. Moon, J. L. Kyeong, H. C. Yung, K. Gi-Young,Int.  Immunopharmacol.,2007, 7, 1044‒1053. 
[26]C. Scholtysek, A. A. Krukiewicz,J.-L. Alonso, K. P. Sharma, P. C. Sharma,W. H. Goldmann, Biochem.Biophys.  
Res.  Commun.,2009, 379, 795–798.  
[27]Y. Maeda, M. Sumiyoshi, Y. Kimura,J. Trad. Med.,2004, 21(5), 215-220.     
[28] L. Yang, J. Yuan, L. Liu, C. Shi, L. Wang, F. Tian, F. Liu, H. Wang, C. Shao, Q. Zhang, Z. Chen, W. Qin, W. 
Wen, Oncol. Lett., 2013,  197-202.  
[29]S. Costantini, F. Rusolo, V. De Vito, S. Moccia, G. Picariello, F. Capone, E. Guerriero, G. Castello, M. G. 
Volpe,Molec., 2014, 19, 8644-8660.  
[30] A. Vecchini, V. Ceccarelli, F. Susta, P.  Caligiana, P.  Orvietani, L. Binaglia,   G. Nocentini, C.  Riccardi, G. 
Calviello, P. Palozza, N. Maggiano, P. Di Nardo,  J. Lipid Res., 2004, 45, 308-316.  
[31] D. E. Scheim, Lipids in Health and Disease, 2009, 8, 54.  
[32] P. Chan, G. N. Thomas, B. Tomlinson, Acta Pharmacol.Sin., 2002, 23(12), 1157-1162.  
[33] J. Whelan, Prostaglandins, Leukot. Essent. Fatty Acids, 2008, 79(3-5), 165-167. 
 
 
 
 


