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Abstract

Freshwater green algae Rhizoclonium hieroglyphicum growing in the Ural Mountains were examined for their fatty acid amides

using capillary gas chromatography±mass spectrometry (GC±MS). Eight fatty acid amides were identi®ed by GC±MS. (Z )-9-
octadecenamide was found to be the major component (2.26%). 7 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Fatty acid amides are widespread in nature (Hannun
et al., 1996). They were incorporated into some lipid
molecules such as ceramides, glyco-sphingolipids, N-
acylated lipids, and bacterial lipoproteins (Bezuglov et
al., 1998; Schmid et al., 1990). Fatty acid amides are
lipid bioregulators formed from long chain saturated
and unsaturated fatty acids via amidation by the corre-
sponding amines. Oleamides, the fatty acid ethanola-
mides, bind to the cannabinoid receptors of the central
nervous system or peripheral tissues and can be con-
sidered as endogenous ligands of these receptors
(Devane et al., 1992; Basile et al., 1999). Their phar-
macological properties were discussed by Bezuglov et
al. (1998) and di Marzo (1998).

Recently, we reported the composition of hydrocar-
bons and fatty acids of Rhizoclonium hieroglyphicum
and found some unusual fatty acids (Rozentsvet et al.,
1999). The present work reports the results of a contin-

ued investigation of natural fatty acid amides using
gas chromatography±mass spectrometry (GC±MS).

2. Results and discussion

The composition of fatty acid amides in the green
alga R. hieroglyphicum examined by capillary GC±MS
is shown in Table 1. Mass spectrometry indicates the
characteristic fragmentation of aliphatic amides.
Table 1 indicates the molecular ion peaks of the
amides and the abundant fragments at m/z 44 and m/z
59 which correspond to the loss of [O1C1N+H2]
and [H2C1C±NH2±OH+]. Peak at m/z 59 is charac-
teristic of all fatty primary amides (Budziklewicz et al.,
1964). Peak at m/z 72 corresponds to [H2C1CH±C±
NH2±OH+] and is found for synthetic oleamide
(Hanus et al., 1999).

The study of the roots and leaves of some species of
plants has shown that essential oil contains various
amides. The lipophilic extracts from root and leaf of
Glycosmis trichanthera are characterized by distinct
chemical pro®les, containing sulphur-containing
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amides (Vajrodaya et al., 1998). Cherinonaine, a novel
Annona dimeric amide, has been isolated from Annona
cherimola (Chen et al., 1998). Two novel amides clau-
samides were isolated from the leaves of Clausena lan-
sium (Li et al., 1996). Other bioactive amides such as
hydroxycinnamates were isolated from plants (Faulds
and Williamson, 1999). Nearly 600 constituents
belonging to di�erent classes of bioactive compounds
including amides were isolated from genus Piper (Par-
mar et al., 1997).

Fatty acid amides are also found in grasses and
microalgae. Kawasaki et al. (1998) have isolated two
natural fatty amides Ð hexadecanamide (1.1%) and
octadecanamide (1.2%) from the shoots of marine
grass Zostera marina. Octadecanamide and other fatty
amides were isolated from cyanobacterium Aphannizo-
menon ¯os-aquae (Dembitsky et al., 2000). Malynga-
mides, derivatives of tetradecanoic acid, were isolated
from cyanobacterium Lyngbya majuscula (Wu et al.,
1997). The cyclopropyl fatty amide, grenadamide, was
detected in Lyngbya majuscula (Sitachitta and Ger-
wick, 1998). Branched-chain fatty amide was isolated
from epiphytic dino¯agellate Coolia monotis (Tanaka
et al., 1998).

Thus, our studies have shown, that freshwater algae
R. hieroglyphicum (which is considered to be a domi-
nating species in freshwater reservoirs), contains natu-
ral fatty amides.

3. Experimental

R. hieroglyphicum (Ag.) Kuetz. (Cladophoraceae,
Chlorophyta) was harvested in July 1997 in the Shul-
gan river estuary (Bashkertostan Nature Reserve Shul-
gan-Tash Cave, Ural mountains, Russia). Freshly
collected algae were thoroughly cleansed of extraneous
matter, homogenized, and lipid extracted as described
recently (Rozentsvet et al., 1999).

Separation of fatty acid amides was carried out with
a GC Hewlett-Packard 5890 (series II) (Palo Alto,
CA), equipped with a 5971 B MSD mass selective
detector (Dembitsky et al., 1999). Fatty amides were
analyzed by GC using serially capillary column with
di�erent stationary phases RTX-1 column 30 m � 0.32
mm ID, ®lm thickness l mm, (Restek) coupled with a
second capillary column RTX-1701 30 m long, 0.32
mm � 0.25 mm ®lm thickness (Restek, PA). GC (initial
temperature 408C) was programmed at 28C/min up to
3008C (20 min). Injector temperature was kept at
808C. Helium carrier gas ¯ow rate was 25 ml/s. The
MS detector was operated at 1948C. Scan range was
from 20 to 650 mHz at 0.9 scan/s. Fatty amides were
identi®ed by mass spectral library search (NBS75,
Wiley 138 and 275), followed by comparing of the MS
data with synthetic amides.T
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