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Abstract

In this work N-acetyltyramine and N-acetylphenylethylamine were identified by GC-MS for the first
time in a marine algae, Phyllophora crispa and Gelidium crinale respectively.

In our earlier work hordenine was found in both algae. Tyramine and phenylethylamine appear as a
precursor of hordenine in barley. Similarly to these findings we suggested that the present compounds
are also precursor for hordenine in algae.
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Introduction

N-acetyltyramine is an acetyl derivate of tyramine (4-hydroxyphenylethylamine). It is an
important amine for chemical and pharmacological purposes. Tyramine was found in many
plants but is rare in algae (Smith 1977). Tyramine was detected in the following algae:
Chondrus crispus, Polysiphonia urceolata, Laminaria saccharina (Kneifel et al. 1977) and in
the micro algae Scenedesmus acutus (Rolle et al. 1977). N- acetyltyramine was produced by
many macroorganisms as: Streptomyces alni (Liu 2009), Microbispora aerata IMBAS- 11 A
(Ivanova et al. 2003), Mycobacterium tuberculosis (Sakurai 1958), Cyathobasis fruticulosa
(Larghi and Kaufman 2007) and terrestrial plants as: Aristolochia cucurbitifolia (Tian- Shung
et al. 1999), Stapelia hirsuta (Shabana et al. 2006) and Olea europea (Conde 2008).
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The tyramine is a pharmacologically important compound. It stimulates the central nervous
systems, causes vasoconstriction, increases heart rate and blood pressure and is also responsible
for migraine. (McKenna 1995). N -Acetyltyramine is a neuropeptide (Paxon et al. 2005).

N-acetylphenylethylamine (ACPEA) [N-(2-phenylethylacetamide)] is an acetyl derivate of 2-
phenylethylamine. It is a natural compound biosynthesized from the aminoacid phenylalanine
by enzymatic decarboxylation. 2- phenylethylamine was isolated from terrestrial plants (West
et al. 1974, Shabana et al. 2006), from microorganisms (Hamasaki et al. 1993) and from marine
algae by Steiner and Hartmann (1968) and recently by Percot et al. (2009) in several red algae.
2-phenylethylamine is a pharmacological active compound. It is a neuromodulator and a
neurotransmitter. Substituted phenylethylamines is a broad chemical group that includes
hormones, stimulants, hallucinogens, —entactogenes, —anorectics, " bronchodilators  and
antidepressants. Some of the more important phenylethylamines are tyramine, dopamine,
adrenaline, ephedrine, hordenine etc. (Saavedra 1978, Hanna and Eyre 1979, Hamasaki et al.
1993, McKenna 1995, Tocher and Tocher 1996, Sabelli et al. 1996). Hordenine, a
phenylethylamine derivate was obtained from the marine algae Phyllophora crispa (old name
Phyllophora nervosa) (Giiven et al. 1969, 1970, Percot et al.2007) and from Gelidium crinale
(Yalgm et al. 2007).

N-acetyl hordenine was isolated from terrestrial plant Stapelia hirsuta L. (Shabana et al. 2006).

Phenylethylamine alkaloids have a phenylethyl nucleus. The group includes simple
phenylamine (tyramine, hordenine), catecholamine (dopamine, noradrenaline, adrenaline),
simple  tetrahydroisoquinoline  (mescaline, anhalamine, anhalonine, anhanolidine),
benzylisoquinoline (papaverine), phthalimide isoquinoline (mescaline), phenethylisoquinoline
(autumnaline, floromultin and kreysigine, tetrahydroisoquinoline (emetine, cephaline) and
terpenoid tetrahydroisoquinoline (Scologanine, ipecoside) (Spencer 1970, Mc Corkindale 1977,
Snieckus 1971, Smith 1977, Aniszewkski 2007).

N-acetylphenylethylamine has effects on the dopaminergic nigrostriatal system and induces
rotations ipsilateral to the side of the brain lesion (Barroso and Rodriguez 1996).

In this work for the first time N-acetyltyramine was identified in marine algae Phyllophora
crispa and N-acetylphenylethylamine was identified in Gelidium crinale.

Materials and Methods
The algae collected were:

Phyllophora crispa in Soganlidere, Dardanelles, April 2007
Gelidium crinale in Sile, the Black Sea in September 2006.

The chemicals and solvents used were purchased from Merck (Darmstadt. Germany). sodium sulfate
from BASF (Germany) and ethanol from Tekel (Istanbul, Turkey). Reference compounds N-
Acetyltyramine was prepared from tyramine HCl (Sigma, USA).

The alga samples were air dried and ground. 5 g algal samples were extracted first with 300 ml ethanol
(90 %) and then with the same volume of acetone under reflux for 4 h. The organic phase was distilled in
rotary evaporator at 40 °C. The residue was taken with 20 ml distilled water, then acidified with 2 N
sulfuric acid and shaken. The aqueous phase was separated, filtered then alkalized with ammonia
solution (5%) and extracted with 30 ml dichloromethane (DCM). The organic phase was separated and
dried over sodium sulphate anhydrous and distilled at 40 °C .The residue was dissolved in 1 ml ethyl
acetate /methanol mixture (1:1 v/v) and injected to GC-MS.
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N-acetyltyramine was prepared after neutralization of tyramine HCI] with ammonia solution (2%) and
extracted with diethylether. The organic phase was separated and dried over sodium sulfate anhydrous,
filtered and distilled at 36 °C. The acetyl derivate was obtained with anhydric acetic acid.

GC-MS analysis: The sample was analyzed using gas chromatography-mass spectrometry (HP6890
Series GC System; Hewlett Packard) fitted with an electronic pressure control and mass selective
detection (HP 5972A) (ionization energy, 70 eV; source temperature, 280°C), using a HP-PONA
capillary column (50 m x 0.25 mm i.d., 0.25 pm film thickness). The chromatographic conditions were
as follow: sample size 2 pl, injection port temperature 280 °C, configured for split injection; initial oven
temperature 40 °C rising to 280 °C at 8 °C/min, final hold of 20 min. Helium was used as the carrier gas
(1 ml/min). '

N-acetyltyramine (I) and N-acetylphenylethylamine (II) were identified by comparison of mass spectra
of GC-MS with library data and reference mass spectra for I.

Results

Mass spectra of N-acetyltyramine:

From Phyllophora crispa (m/z):179, 120, 107, 94, 91
From HP memory: 179, 120, 107, 94, 91

From reference compound: 179, 120, 107, 94, 91

Mass spectral fragmentation of N-acetyltyramine.

CmH[}NOz _C?.HSNO'
m/z:179 m/z 49

P = CgHgO
m/z 120

C;H,0
m/z 107
\ 4
C(,HSOH Y C7H7
m/z 74 m/z 91

N-acetyltyramine was identified by comparison of its spectrum with library data and reference
compound mass spectra.

MS spectrum of N-acetylphenylethylamine:
From Gelidium crinale (m/z): 163, 119, 104, 91, 65
From HP memory: 163, 119, 104, 91, 65
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Mass spectral fragmentation of N-acetylphenylethylamine.

C,oH\3NO
m/z 163
-C,H;0
m/z 43

m/z 104 CgH

m/z 120

-H
: <
m/z 119 m/z 91 [C7H7]

~ CH=CH
m/z 65

N-acetylphenylethylamine was identified by comparison of the mass spectra with library data
of mass spectra.

Tyramine and phenylethylamine are important natural compounds for chemical and
pharmacological field. Many alkaloids are produced from these substances. Its acetyl
derivatives are also important. The status of tyramine and phenylethylamine are the subject of
many studies on terrestrial plants (West et al. 1974, Shabana et al. 2006). 2- Phenylethylamine
was found in algae (Percot et al. 2009). It is interesting for chemotaxonomical to point out the
presence of N-acetyltyramine, N-acetylphenyethylamine and hordenine in the same algae.

We suggested that the compounds found in these algae are precursor of hordenine as in
terrestrial plants (Marsicot and Mareon 1957).
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Ozet

Bu calismada deniz alglerinden Phyllophora crispa’dan N-asetiltiramin ve Gelidium cirinale’den
N-asetilfeniletilaminin tanimlanmas1 gas-mass spectrofotometresiyle tamimlanmistir. Tiramin kara
bitkilerinde, mantarda, hayvansal ve bitkisel gidalarda mevcuttur. Tiramin farmakolojik agidan 6nemli
bir maddedir. Hipertansif etkidedir. Migren agrisina sebeb olur. Feniletilamin bitkilerde ve alglerde
bulunur, N-asetilfeniletilamin ise dopinerjik nigrostrial sisteme etkilidir. Kimyasal acidan tiramin ve 2-
feniletilaminin bir alkaloid olup ve kara bitkilerinde bulunan hordeninin Onciisii oldugu kabul edilir.
Hordenin'in deniz alglerinde bulundugu ilk defa tarafimizdan bildirilmigti. Tiramin ve feniletilaminin
kara bitkilerinde hordeninle bir bagmtisi oldugu bildirilmistir. Bu calismada alglerde tespit edilen N-
asetiltiramin ve N-asetilfeniletilamin’in hordenin ile bir bagintis1 oldugu diisiiniilmiistir.
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