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ABSTRACT

Marine natural products are diverse in terms of chemical structures as well as biological activities.
Soft corals are marine invertebrates possessing a vast range of terpenoid metabolites. These terpenes, mostly
cembranoids, represent the main chemical defense for coral against natural predators. Soft corals of the
genus Sarcophyton (family Alcyoniidae) are particularly rich in cembranoids diterpenes, Triterpenoids,
Tetratepenoids, Ceramide and Cerebrosides. Cembranoids contain a 14-membered macro cyclic skeleton and
exhibit a wide range of biological activities including anti-tumor, neuro-protective, antimicrobial, calcium-
antagonistic, and anti-inflammatory activity. The cembranoid diterpene sarcophine has been investigated
since 1998 for its potential as a chemo-preventive agent, cytotoxic agent, anti-microbial agent, competitive
cholinesterase inhibitor, noncompetitive phosphofructokinase inhibitor, and a Na+, K+-ATPase inhibitor.
Keywords:  Sarcophyton, Soft coral, Terpenoids, Antitumor, Neuro-protective, Antimicrobial, Anti-
inflammatory
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INTRODUCTION

The marine environment may contain over 80% of world’s plant and animal species [1]. Marine natural
products are diverse in terms of chemical structures as well as biological activities. In recent years, many
bioactive compounds have been extracted from various marine animals like tunicates, sponges, soft corals,
sea hares, nudibranchs, bryozoans, sea slugs and marine organisms [2, 3]. Indeed of the 180 soft corals species
identified world-wide, approximately 40% are native to the Red Sea [4]. The search for new metabolites from
marine organisms has resulted in the isolation of more or less 10,000 metabolites [5], many of which are
endowed with pharmacodynamic properties.

The knowledge of the physiological and biochemical features of marine organisms might contribute
to the identification of natural products of biomedical importance. Insulin from fish such as cod exerts the
same hormonal activity in mammals as does homologous insulin and insulin from tuna (which has a 40%
difference in amino acid residue) that has been used to treat diabetic patients [6-8]. There is little doubt that
marine biodiversity is a source of chemical and structural diversity. However, of over 14 000 compounds
described [9], many of which display potent biological activity and have been utilized as bio-medical leads, few
have proceeded to become approved pharmaceutical drugs [10, 11].

Compounds isolated from the marine environment are extraordinary for their complexity and
connectivity, with substantial incorporation of heteroatom and halogen functionality. Faulkner suggested that
marine organisms possess a greater prevalence of bioactive metabolites than do terrestrial organisms [12].

Secondary metabolites isolated from soft corals of the genus sarcophyton are particularly rich in
cembranoids diterpenes, Triterpenoids, Tetratepenoids, Ceramide and Cerebrosides [14]. Published reviews
clearly indicate the tremendous potential of taxonomically diverse marine possessing a wide range of
pharmacological activities including antitumour, antibacterial, anti-inflammatory, antifungal and antiviral
activities [10, 11, 13].

CHEMICAL CONSTITUENTS OF SARCOPHYTON

Marine natural products are diverse in terms of chemical structures as well as biological activities.
The Red Sea serves as an epicenter for marine bio-diversity with a high endemic biota. Indeed of the 180 soft
corals species identified world-wide, approximately 40% are native to the Red Sea [4]. Soft corals are marine
invertebrates possessing a vast range of terpenoid metabolites. These terpenes, mostly cembranoids,
represent the main chemical defense for coral against natural predators [15]. Soft corals of the genus
Sarcophyton (family Alcyoniidae) are particularly rich in cembranoids diterpene [16-31],[40], Lobane
diterpenes [20], Triterpenes [22, 41, 42], Tetraterpenoids [22, 44, 33], Ceramide and Cerebrosides [41-47],
[48].

Diterpenes isolated from Sarcophyton
a- Cembranoids Diterpene

1a R1= 7B'OH, R2= 8a-0OH
2 R1= 7OL-OH, R2= SB‘OH
3 R1= 7B'OAC, R2= 8a-OH

2R, 7R,8R-dihydroxydeepoxy 70,86-dihydroxy-deepoxy
sarcophine (1) [16] sarcophine (2) [16]
768-acetoxy-8a-hydroxydeepoxy
sarcophine (3) [16]
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(-)-7B-hydroxy-8a-methoxydeepoxy (+)-7B, 8B-dihydroxydeepoxy
sarcophytoxide [23] sarcophytoxide [23]
(0)
X = A OH
I/////OH
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(-)-17-hydroxysarcophytonin A [23] (-)-17-hydroxysarcophytol V [23]

(+)-Sarcophine [23] Sarcophtoxide [23]
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Sarcophyolide A [24] 70, 8R-dihydroxydeepoxysarcophine [24]
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R=H
R = OAc
Crassocolides A-F [26] Lobophytolide [26]

Flexusines A [27-29] Flexusines B [27-29] Epimukulol [27-29]

July- August 2015 RJPBCS 6(4) Page No. 1306



{ ISSN: 0975-8585

0

OOI%
239
m

Sarcocrassocolides E (1) [32]

Sarcocrassolide (2), sinularolide (3) and 13-acetoxysarcocrassolide (4) [32].

Hlllu..

o) OCH,
o) OCH,CH,

1 2
(+)-12-ethoxycarbonyl-11Z-sarcophine [34] Ehrenbergol A [34]

Ehrenbergol B [34,35]
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N
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1R=0H
2 R=0Ac 3 4
Sarcophytol-A (1) [36] Isoneocembrene A [36] Cembrene C [36]

Sarcophytol-A acetate (2) [36]

N
* N\ o N
N
OH N
OH OH

5 6 ]

Sarcophytol-B [36] Sarcophytol-E [36] Sarcophytol-H [36]

OAc

8

(-)-marasol [37] ; 10

Sarcophytonolid-H [36] Sarcophytonolid- [36]
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HOIl1:

70,8B-dihydroxydeepoxysarcophine [38] 7B-acetoxy-8a-hydroxydeepoxysarcophine [38]

11(S)-hydroperoxylsarcoph-12(20) ene [38] 12-hydroperoxylsarcoph-10-ene [38]

8-epi-sarcophinone [38] Ent-sarcophine [38]

Sarcophine [38] 2R, 7R, 8R-dihydroxydeepoxysarcophine[38]
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Sarcophytin B [40] Sarcophytin C [40]
ﬁ OH COOCH;4
Sarcophytin [40] Sarcophytin [40]
c- Lobane Diterpene
//II/”,,” / /
OH
COOCH;, OH
Carhomethoxyfuscol [20] Fuscol [20]
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Triterpenes isolated from Sarcophyton

v, 1,

OH

(245)-24-methylcholestane-1, 3, 5, 6,
25-pentol 25-monoacetate [22]

HO

Pregnenolone [41]
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2 R = OCOCHj,

Hippurins [41]
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1R=H,R' = CO(CH,)4CH;, R =H
2R=H,R'=R?*=Ac
6R=R!=RZ=H
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3R =H,R*=Ac
4R'=R?=H
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Polyhydroxysteroids [42]
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Tetraterpenoids isolated from Sarcophyton
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Ceramides and Cerebrosides isolated from Sarcophyton
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COOH
MeOOC

Trocheliophorin [46,47]

BIOLOGICAL ACTIVITIES OF SARCOPHYTON

Cembranoids contain a 14-membered macro cyclic skeleton and exhibit a wide range of biological
activities including anti-tumor, neuro-protective, antimicrobial, calcium-antagonistic, and anti-inflammatory
activity [49-52]. The cembranoid diterpene sarcophine has been investigated since 1998 for its potential as a
chemo-preventive agent [53], cytotoxic agent, anti-microbial agent [54], competitive cholinesterase inhibitor
[55], noncompetitive phosphofructokinase inhibitor [56], and a Na+, K+-ATPase inhibitor [57]. Recent studies
focusing on the treatment of human diseases have shown that sarcophine and sarcophine derivatives (e.g.,
hydroxylated sarcophine) are potent cancer chemo-preventive agents [53, 54, 58—60].

Cancer chemoprevention is based on chemical constituents that block, inhibit, or reverse the
development of cancer in normal or pre-neoplastic tissue [61]. During the past 20 years, thousands of novel
marine metabolites have been identified and assayed for anticancer activity [62]. Most of these drug leads are
identified by high-throughput in vitro screening via a cost-effective testing of cancer cell lines derived from
human and rodent sources. Indeed several marine-derived drug leads have reached phase Il human clinical
trials based on promising anticancer results, although toxicity testing has mostly screened out such candidate
drugs. Sarcophine anti-tumor potency appears to at least in part involve inhibition of cell transformation that
can be induced in vitro by 12-O-tetradecanoyl phor-13-bolacetate (TPA) with irreversible acquisition of
tumorigenicity. In many cases, carcinogenesis is initiated by pro-carcinogens in combination with phase |
enzymes such as cytochrome P450 1A and oxidative stress leading to DNA damage. This process can be
mitigated at least in part by phase Il detoxification enzymes such as glutathione S-transferases (GSTs), quinine
reductase (QR), and epoxide -hydrolase (mEH) [52,58].

CONCLUSION

Natural products have historically been a rich source of “lead compounds” for drug discovery.
Although started only fifty years ago, the investigation of marine organisms aimed at searching new
biologically active compounds has now gained a recognized role in this kind of studies.

The marine environment is yet to be extensively investigated; discoveries are being continually made
of new sea life and unique ecosystems in the pelagic region. Advancement of modern scientific methods,
especially bioassay-guided screening in conjunction with advanced spectroscopic techniques (2D-NMR, HPLC,
LC/MS), have made it possible to detect, fractionate and elucidate the structure of natural products of low
abundance and high structural complexity. These advances have resulted in the rapid and steady growth of
marine natural product literature over the last thirty years. For example, in the period 2000 to 2003, 2450 new
natural products of marine origin were reported. This compares to around 100 in the period 1965 to 1970.

Published reviews clearly indicate the tremendous potential of taxonomically diverse marine micro-
and macro-organisms as a source of pharmaceuticals, possessing a wide range of pharmacological activities
including antitumour, antibacterial, anti-inflammatory, antifungal and antiviral activities.

Marine organisms are a major reservoir of bioactive natural products with potential biomedical
application; several marine natural products are regarded as potential therapeutic agents for the treatment of
multiple disease categories. Many bioactive marine natural products and their derivatives are produced by
invertebrates, such as sponges, soft corals, tunicates, mollusks or bryozoans, and are evaluated advancedly in
preclinical and even clinical trials. Moreover, from 2005 to 2007, two of 13 natural products and natural
products-derived drugs approved marketing worldwide are found from marine organisms.
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These facts attract us to pay more efforts on the research of bioactive natural products from other
marine invertebrates.

REFERENCES

[1] Donia, M.; Hamann, M.T. The Lancet. 2003, 3, 338-348.

[2] Haefner, B. Drugs from the Deep. Drug Discov. Today. 2003, 8, 536 544.

[3] Fuesetani, N. In Drugs from the Sea. Fuesetani, M., Ed.; Basel: Karger, 2000; Chapter 1, p1 -5.

[4] Edwards, A.J.; Head, S.M. Key Environments-Red Sea; Pergamon Press: Oxford, UK, 1987; p. 440.

[5] Joffe, S.; Thomas, R. Phytochemicals: a renewable global resource. Biotech News Information. 1989,
1, 697-700.

[6] Salisbury, F. Doubts about the modern synthetic theory of evolution. Am Biol Teach. 1971, 33,335-
336. Mar. Drugs 2004, 2 136.

[7] Grant, P.T.; Mackie, A.M. Nature. 1977, 267, 786-788.

[8] Hamilton, S.C.; Farchaus, J.W.; Davis, M.C. Biotechniques. 2001, 31, 370-376, 378-380, 382-393.

[9] MarinLit database, Department of Chemistry, University of

Canterbury:http://www.chem.canterbury.ac.nz/marinlit/marinlit.shtml.

[10] Haefner, B. Drug Discov. Today. 2003, 8, 536-544.

[11] Newman, D.J.; Cragg, G.M. J. Nat. Prod. 2004, 67, 1216-1238.

[12] Faulkner, D.J. Tetrahedron 1977, 33, 1421-1443.

[13] Fenical, W. Chem. Rev. 1993, 93, 1673-1683.

[14] Blunt, J.W.; Copp, B.R.; Hu, W.P.; Munro, M.H.G.; Northcote, P.T.; Prinsep, M.R. Nat. Prod. Rep. 2008,
25, 35-94.,

[15] Roethle, P.A.; Trauner, D. Nat. Prod. Rep. 2008, 25, 298-317.

[16] Hegazy, M.F.; El-Beih, A.A.; Moustafa, A.Y.; Hamdy, A.A.; Alhammady, M.A.; Selim, R.M.; Abdel-
Rehim, M.; Paré, P.W. Natural product communications, 2011, 6 (12), 1809-1812.

[17] Wang, G.H.; Huang, H.C.; Su, J.H.; Huang, C.Y.; Hsu, C.H.; Kuo, Y.H.; Sheu, J.H. Bioorganic & Medicinal
Chemistry Letters, 2011 -12-01.

[18] Iwagawa, T.; Nakamura, S.; Masuda, T.; Okamura, H.; Nakatani, M.; Siro, M. Tetrahedron, 1995, Vol.
51, No. 18, pp. 5291-5298,

[19] Lin, W.Y.; Lu, Y.; Su, J.H.; Wen, Z.H.; Dai, C.F.; Kuo, Y.H.; Sheu, J.H. Mar. Drugs 2011, 9, 994-1006.

[20] Bonnard, I.; Jhaumeer-Laulloo, S.B.; Bontemps, N.; Banaigs, B.; Aknin, M. Mar. Drugs, 2010, 8, 359-
372.

[21] Badria, F.A.; Guirguis, A.N.; Perovic, S.; Steffen, R.; Muller, W.E.G.; Schroder, H.C. Toxicology, 1998,
131, 133-143

[22] Rui, J.LA.; Yan-Hong, S.H.l.; Pei-Min, H.E.; Yue-Wei, G.U.O. Chinese Journal of Natural Medicines
2010, 8(5): 422-424.

[23] Cuong, N.X.; Tuan, T.A.; Kiem, P.V.; Minh, C.V.; Choi, E.M.; Kim, Y.H. Chem. Pharm. Bull. 2008, 56(7)
988—992.

[24] Bie, W.; Deng, Z.W.; Xu, M.J.; Lin, W.H. Journal of Chinese Pharmaceutical Sciences, 2008, 3—221-
224,

[25] Cheng, Y-B.; Shen, Y-C.; Kuo, Y-H.; Khalil, A.T.; J. Nat. Prod. 2008, 71,1141-1145.

[26] Huang, H.C.; Ahmed, A.F.; Su, J.H.; Chao, C.H.; Wu, Y.C.; Chiang, M.Y.; Sheu, J.H. Crassocolides A-F. J.
Nat. Prod., 2006, 69, 1554-1559.

[27] Wang, C.Y.; Chen, A.N.; Shao, C.L.; Li, L.; Xu, Y.; Qian, P.Y. Biochemical Systematics and Ecology,
2011, 39, 853-856.

[28] Grkovic, T.; Whitson, E.L.; Rabe, D.C.; Gardella, R.S.; Bottaro, D.P.; Linehan, W.M.; McMahon, J.B.;
Gustafson, K.R.; McKee, T.C. Bioorganic & Medicinal Chemistry Letters. 2011, 21, 2113-2115.

[29] Bensemhoun, J.; Rudi, A.; Bombarda, |.; Gaydou, E.M.; Kashman, Y.; Aknin, M. J. Nat. Prod. 2008, 71,
1262-1264.

[30] Fridkovsky, E.; Rudi, A.; Benayahu, Y.; Kashman, Y. Tetrahedron Letters, 1996, 37(38), 6909-6910.

[31] Ammanamanchi, S.R.; Anjaneyulu, Mukku, .R.V.; Venugopal, Putcha sarada, Cottumukkala V.; Rae,
Jon Clardyb, Emil Lobkovsky, Tetrahedron letters 1998, 39, 135-138.

[32] Lin, W.Y.; Su, J.H.; Lua, Y.; Wena, Z.H.; Dai, C.F.; Kuo, Y.H.; Sheu, J.H. Bioorganic & Medicinal
Chemistry, 2010, 18, 1936-1941.

[33] Yan, X.H.; Gavagnin, M.; Cimino, G.; Guo, Y.W. Tetrahedron Letters 2007, 48, 5313-5316.

[34] Wang, S.K; Hsieh, M.K.; Duh, C.Y. Marine drugs, 2012, 10, 1433-1444,

July- August 2015 RJPBCS 6(4) Page No. 1318



(35]

(36]
(37]
(38]
(39]
[40]
(41]

(42]
(43]

(44]
(45]

(46]
(47]

(48]

[49]
(50]

(51]
(52]
(53]
(54]
(55]
(56]
(57]

(58]
(59]

(60]

(61]
(62]

ISSN: 0975-8585

Kapojos, M.M.; Lee, J.S.; Oda, T.; Nakazawa, T.; Takahashi, O.; Ukai, K.; Mangindaan, R.E.P,;
Rotinsulu, H.; Wewengkang, D.S.; Tsukamoto, S.; Kobayashi, H.; Namikoshi, M. Tetrahedron, 2010,
66, 641-645.

Wang, C.Y.; Chen, A.N.; Shao, C.L,; Li, L.; Xu, Y.; Qian, P.Y. Biochemical Systematics and Ecology, 2011,
39, 853-856.

Abouzied, A.M.; Sawant, S.S.; Sylvester, P.W.; Avery, M.A.; Desai, P.; Youssef, D.T.A.; El Sayed, K.A. J.
Nat. Prod. 2004, 67, 2017-2023.

Mohamed F. H; Amira M. G; Abdelaaty A. S; Fathy F. A; Tarik A M; Bruce R. W. and Paul W. P. Marine
drugs 2012, 10, 209-222.

Mohamed F. H; Tarik A M; Abdelaaty A. S; Fathy F. A; and Paul W.P. Phytochemistry letters 2012, 6,
383-386.

Anjaneyulu, V.; Makarieva, T.N.; Ilyin, S.G.; Dmitrenok, A.S.; Radhika, P.; Subbarao, P.V.; Nesterov,
V.V.; Antipin, M.Y.; Stonik, V.A. J. Nat. Prod. 2000, 63, 109-111.

Sekhar, V. C.; Rao, C.B.; Ramana, H.; Kuwar, M.M.K.; Rao, D.V. Asian Journal of Chemistry, 2010,
22(7), 5353-5358.

Wang, G.H.; Chen, C.T.; Dai, C.F. Journal of the Chinese Chemical Society, 2004, 51, 217-220.

Wang, Z.; Tang, H.; Wang, P.; Gong, W.; Xue, M.; Zhang, H.; Liu, T, Liu, B.; Yi, Y.; Zhang, W. Mar. Drugs
2013, 11, 775-787.

Lan, W.J.; Wang S.L; Li H.J. Natural Product Communications 2009, 4(9), 1193-1196.

Cheng, S.Y.; Wen, Z.H.; Chiou, S.F.; Tsai, C.W.; Wang, S.K.; Hsu, C.H.; Dai, C.F.; Chiang, M.Y.; Wang,
W.H.; Duh, C.Y. J. Nat. Prod., 2009, 72 (3), 465-468.

Yao, L.-G.; Liu, H.L.; Guo, Y.W.; Mollo, E. Helv. Chim. Acta 2009, 92, 1085-1091.

Ammanamanchi, S.R.; Anjaneyulu, Rao, V.L.; Sastry, V.G.; Rao, D.V.; Journal of Asian Natural
Products Research 2008, 10(7), 597-601.

Hou-jin, L.; Yong-tong, C.; Yun-yun, C.; Chi-keung, L.; Wen-jian, L. Chem. Res. Chinese Universities,
2010, 26(3), 415—419.

Gross, H.; Wright, A.D.; Beil, W.; Koenig, G.M. Org. Biomol. Chem. 2004, 2, 1133-1138.

Sawant, S.; Youssef, D.; Mayer, A.; Sylvester, P.; Wali, V.; Arant, M.; El Sayed, K. Chem. Pharm. Bull.
2006, 54, 1119-1123. Mar. Drugs 2012, 10 221.

Sawant, S.S.; Youssef, D.T.A.; Reiland, J.; Ferniz, M.; Marchetti, D.; El Sayed, K.A. J. Nat. Prod. 2006,
69, 1010-1013.

Wahlberg, I.; Eklund, A.M. Prog. Chem. Org. Nat. 1992, 59, 141-294.[53] El Sayed, K.A.; Hamann,
M.T.; Waddling, C.A.; Jensen, C.; Lee, S.K,;

Dunstan, C.A.; Pezzuto, J.M. J. Org. Chem. 1998, 63, 7449—-7455.

Grote, D.; Soliman, H.S.M.; Shaker, K.H.; Hamza, M.; Seifert, K. Nat. Prod. Res. 2006, 20, 285-291.
Neeman, |.; Fishelson, I.; Kashman, Y. Toxicon 1974, 12, 593-598.

Erman, A.; Neeman, |. Toxicon 1976, 15, 207-215.

El Sayed, K.A.; Orabi, K.Y.; Dunbar, D.C.; Hammann, M.T.; Avery, M.A.; Sabnis, Y.A.; Mossa, J.S.; El
feraly, F.S. Tetrahedron 2002, 58, 3699-3708.

Fahmy, H.; Khalifa, S.I.; Konoshima, T.; Zjawiony, J.K. Mar. Drugs 2004, 2, 1-7.

Katsuyama, I.; Fahmy, H.; Zjawiony, J.K.; Khalifa, S.I.; Kilada, R.W.; Konoshima, T.; Takasaki, M.;
Harakuni, T. J. Nat. Prod. 2002, 65, 1809-1814.

Abouzied, A.M.; Sawant, S.S.; Sylvester, P.W.; Avery, M.A.; Desai, P.; Youssef, D.T.A.; El Sayed, K.A. J.
Nat. Prod. 2004, 67, 2017-2023.

Hong, W.K.; Sporn, M.B. Science 1997, 278, 1073-1077.

Arif, J.M.; Al-Hazzani, A.A; Kunhi, M.; Al-Khodairy, F. J. Biomed. Biotechnol. 2004, 2, 93-98.

July- August 2015 RJPBCS 6(4) Page No. 1319



