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Abstract

Five siphonocladophycean green seaweeds, Caulerpa chemnitzia (Esp.) Lamour., C. faridii
Nizam., C. manorensis Nizam., C. racemosa (Forssk.) J. Ag., and C. taxifolia (Vahl) C. Ag.,
collected from the coastal waters near Karachi were analyzed phycochemically for their fatty acid,
sterol and diterpene constituents using GLC, El-, FD-, GC-, HR- & IR-MS and 'H- & "C-NMR
spectroscopy. Altogether 36 acids i.e. 18 saturated and 18 unsaturated fatty acids were identified as
methyl esters. Five different sterols have been identified, isolated, purified and chemically
elucidated. Cholesterol was found to be the most abundant sterol, and with the exception of C.
faridii it was found in all the other four species. Two diterpenoids have also been isolated from 3
species of Caulerpa, which are acyclic straight chain compounds and are being reported for the first
time from any species of Caulerpa. The five species of Caulerpa differed from one another
phycochemically in many different aspects.

Introduction

Thirteen species of Caulerpa have so far been identified from the coast of Pakistan
(Shameel, 1978, 1987; Shameel & Tanaka, 1992). A few studies have been carried out on
the biochemical constitution and general phycochemistry of Caulerpa from the coast of
Karachi (Qasim, 1986; Shameel & Khan, 1989, 1991; Zahid, 1989; Shameel, 1990, 1993;
Usmanghani & Shamecel, 1996; Aliya et a/., 1993). From other parts of the world also
works have been done on the phycochemistry of various species of Caulerpa (Blackman
& Wells, 1976; De Napoli er al., 1982; Nielsen et al., 1982; Paul & Fenical, 1985;
Prasada-Rao & Venkata-Rao, 1986; Anjaneyulu er al., 1991; Khotimchenko, 1995;
Terrados & Lopez-Jimenez, 1996; Xu & Zeng, 1998; Handley & Blackman, 2000;
Soliman et al., 2000; Mabrouk et al., 2001). No detailed study has yet been carried out on
the comparative phycochemistry of various Caulerpa species of our coast. In this report
an attempt has been made to present a comparative composition of fatty acids, sterols and
diterpenes of five commonly occurring species of this genus i.e. C. chemmitzia (Esp.)
Lamour., C. faridii Nizam., C. manorensis Nizam., C. racemosa (Forssk.) J. Ag., and C.
taxifolia (Vahl) C. Ag.

Materials and Methods

Fresh and elcan thalli of Caulerpa chemnitzia, C. faridii, C. manorensis, C.
racemosa and C. taxifolia were collected as drift as well as epilithon from mid and lower
littoral rocks and sandy pools of Manora, Buleji and Nathiagali near Karachi. They were
thoroughly washed with tap water to remove clinging cpiplytes and animal castings, the
washed specimens were then air-dried in shade.
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Detection of fatty acids: The dried thalli of each of the five species (350-1500 g) were
soaked in methanol at rcom temperature for about a month (Fig. 1). The methylated
fractions obtained were first analyzed by gas-liquid chromatography (GLC) and then by
gas chromatography-mass spectrometry (GC-MS). The fatty acids were identified by
matching their spectra with those of the National Bureau of Standards (NBS) mass
spectral library (Helles & Milne, 1978). The esterification and GLC & GC-MS
techniques were the same as described previously (Shameel, 1990).

Isolation of sterols: The same procedure as that of fatty acids was applied for the sterols
but they were eluted at a higher polarity. The order of polarity is given in Fig. 1. Five
different sterols have been isolated with the exception of cholesterol, which was aiready
obtained in pure form, all others were purified on large silica plates by running in
different polaritics of solvents such as: 24-methyl-cholesta-7, 22-dien-3f-ol in n-
hexane:diethyl cther (4:6, v/v), 24-methyl-cholesterol in 1-hexane:diethyl ether (1:1, v/v),
4,24-dimethyl-cholesta-5, 22-dien-33-ol in n-hexanc:diethyl ether (3:7, v/v) and (-
sitosterol in n-hexane:diethyl ether (6:4, v/v). The sterols so purified were analyzed by
nuclear magnetic resonance ('H- and ""C-NMR), electron impact (El-), field desorption
(FD-), mass spectrometric (-MS) techniques.

Caulerpa spp.
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Fig. 1. Scheme for the separation, isolation and analyses of fatty acids, sterols and diterpenes from
Caulerpa spp.
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Extraction of diterpenes: The isolation of diterpenes was also carried out as described
in Fig. 1. The 3, 7, |1, I5-tetramethyl-hexadec-2-en-1-ol and 3, 7, 11, 15-tctramethyl-
hexadec-3-en-1, 2-diol were purified on TLC cards (20x20 cm) in pure chloroform. The
structures were solved by 'H- & "C-NMR and El-, FD-, high resolution (HR-) and
infrared (IR-) MS techniques.

Methodology and instrumentation: The details of column chromatography (CC),
purification patterns and instrumentation techniques were the same as described earlier
{Aliya & Shameel, 1993).

Results and Discussion

The analysis ol fatty acid methyl esters revealed the presence of 36 different Fatty
acids in the five investigated species of Caulerpa. They indicated a wide variety of
saturated (Table 1) and unsaturated fatty acids (Tables 2 & 3). 1t was observed that
unsaturated fatty acids were present in a greater quantity (56.26-74.30 %) than the
saturated acids (25.62-47.61 %), the only exception is C. rucemosa where the saturated
fatly acids (53.32 %) were slightly larger in amount than the unsaturated oncs (46.65 %).
This type of distribution ol fatty acids has also previously been reported in Caulerpa spp.,
as well as other green scaweeds (Khotimchenko, [995; Soliman et al., 2000; Mabrouk et
al., 2001). The species of Codium also contained unsaturated fatty acids in larger amount
than the saturated fatty acids (Aliya & Shameel, 1993; Herbreteau er al., 1997; Hainaux
et al., 1998: Xu er al., 1998).

Among saturated fatty acids palmitic and stearic acids were found in all the five
investigated species, while myristolcic was the only unsaturated acid present in all of
them. Palmitic acid has also been detected in largest quantity in most of the previously
invesligated green seaweeds (Usmanghani et al., 1985; Khotimchenko, 1995; Xu et al.,
1998; Mabrouk et al., 2001). The presence of lignoceric, pentacosanoic and
heptacosanoic among saturated acids and tricosenoic and pentacoscnoic among
unsaturated acids in investigated species of Caulerpa is the first report, because fatty
acids of such a high carbon number have not yet been detected in any previously studied
scaweed of Karachi coast.

Among individual species, 7-ethyl-3methyl-2, 6-undecadienoate (Fig. 2:J1]) was
found in largest amount in C. chemnitzia, oleate in C. faridii; myristoleate in C.
manorensis, palmitate in C. racemosa and gadoleate in C. taxifolia; the relative
percentage of the last mentioned acid appeared to be the greatest in comparison with all
the detected saturated as well as unsaturated fatty acids. Although palmitate has been the
major component in the species of Caulerpa previously described from Karachi coast
(Qasim, 1986; Shameel & Khan, 1998), yet it does nol seem to be the case in this study.
With the exception of palmitic acid, all those acids found in the highest amount belong to
the category of unsaturated fatty acids.

Dimethoxy propanoate, heptacosanoate, undecylenate and lauroleate were only
found in C. chemnitzia and no other species of Caulerpa. Likewise, arachidate and
tricosenoate were only detected in C. faridii, caprylate and laurate in C. manorensis and
undecylate in C. racemosa, no acid was found in C. taxifolia alone. Oleate was present in
all species except C. chemnitzia. Similarly, lignocerate was absent only in C. faridii, 7-
cthyl-3-methyl-2,6-undecadienoate and hexadecadienoate only in C. manorensis and
pentacosanoate, heptadecylenate and nonadecylenate only in C. raxifolia; C. manorensis
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did not lack any such acid. All the investigated species of Caulerpa showed a different
fatty acid composition, C. manorensis exhibited the greatest diversity within 24 fatty
acids, while C. raxifolia appeared to be the least diverse species with only 12 fatty acids.
The latter has previously shown a greater diversity in its fatty acids than C. faridii and C.
racemosa (Shameel & Khan. 1989).

Five different sterols have been isolated from the investigated species of Caulerpa
(Tabic 4). Cholesterol (Fig. 2:[3]) was the most abundant sterol and with the cxception of
C. faridii was Tound in all the other four species. Cholesterol is a very common sterol
usuatly found in green seaweeds, it was also detected in C. prolifera (De Napoli, 1982;
Soliman er al., 2000). Duraiswamy (1986) separated the shiny colourless needles
(melting at 137°C) of B-sitosterol admixed with 3-5 % cholesterol from 18 Indian species
of Caulerpa. As no detailed work has been carried out on the sterol composition of
Caulerpa species of Karachi coast, we do not have any previous data to compare with.
Caulerpa faridii was the only species which exhibited the presence of four different
sterols, all of them were not found in any of the other investigated species. Although C.
Jaridii did not show the presence of cholesterol, but it possessed four different types of
24-derivatives of cholesterol (Fig. 2:[4-7)). 1t appears that cholesterol is the characteristic
sterol, most probably the chemotaxonomic marker, of the genus Caulerpa; as clerosterol
is commonly found in its allied genus Codium (Aliya & Shameel, 1993; Shen et al.,
1995). Both of them belong to the class Siphonocladophyceae (Shameel, 2001).

Two diterpenoids have also been identified, both are acyclic straight chain diterpenes
(Table 4). Caulerpa faridii and C. manorensis did not show the presence of any
diterpenc. It is interesting to note that one of these 2 species i.e. C. faridii is endemic to
the coast ol Karachi, as it has not yet been found anywhere else. Caulerpa racemosa and
C. raxifolia both showed the presence of the same diterpene 3, 7, |1, 15-tetramethyl-
hexadece-2-en-l-ol (Fig. 2:|8]), while C. chemnitzia possessed 3, 7, 11, [5-tetramethyl-
hexadec-3-cn-1, 2-diol (Fig. 2:[9]). Both thesc diterpenes are being reported for the first
time rom any species of Caunlerpa. It is interesting to note that caulerpin and caulerpicin,
which have been reported from various species of Caulerpa (Nielson et al., 1982; Raub
et al., 1987: Anjaneyulu et al., 1991; Xu. & Zeng, 1998; Soliman et al., 2000) could not
be detected in any of the five investigated species of Caulerpa. A variety of diterpenoids
have been reported from other species of Caulerpa (Capon er al., 1983; Paul & Fenical,
1985; Handley & Blackman, 2000). Sesquiterpenes have also been isolated from different
species of Caulerpa (Capon et al., 1981).

The five investigated species of Caulerpa behaved differently in their fatty acid.
sterol and diterpene compositions. The above mentioned differences observed among
various species may be due to seasonal variation as was observed in C. prolifera. It was
found that thallus resistance to chilling injury of this alga depends on the maintenance of
membrane functions, which was due to varying degree of unsaturation of membranc fatty
acids (Terrados & Lopez-Jimenez, 1996). The specilic differences may be due to their
genetic constitution as well as different ccological conditions in which they are growing.
Therefore, a detailed study of the influences of various ecofactors and environmental
parameters are necessary, before any conclusion may be drawn in this connection on the
basis of ¢xisting phycochemical investigations.
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Fig. 2. Natural products isolated from Caulerpa spp.: [1] = 7-ethyl-3-methyl-2,6-undecadienoic
methyl ester, [2] = 3.7, 1 [-trimethyl-2,6,10-dodecatrienoic methyl ester, {3] = cholesterol, [4] = 24-
methyl-cholesta-7,22-dien-38-0l, {5] = 24-methy| cholesterol, [6] = 4,24-dimethyl-cholesta-3,22-
dien-3B-ol. {7] = B-sitosterol, [8] = 3,7,11,15-tetramethyl-hexadec-2-en-1-ol, [9] = 3,7,11,15-
tetramethyl-hexadec-3-en-1,2-diol.
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