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1. INTRODUCTION

1.1. POTENTIAL OF MARINE ORGANISAMS AS SOURCES OF NATURAL
PRODUCTS

Almost threequarter§79%) Rl WKH HDUWK{V VXUIDFH LV FRtH¢HUHG E\
pharmacognostic studies are foed®n terrestrialplants and medicirsethat can be derived
from theseplants. Other organisms are also considered to have pharmacognostic potential, in
paricular different microbes and since recentlgrious marine organismsuch asalgae,
sponges, ascidians and maraerivedbacteria and fungiMarine organisms live in a much
different environment than terrestrial organisms. That is the reason to assirsecondary
metabolites will vary significantlyrom the ones thakerrestrial plants produc&his area of
marine organisms is considered to lmcharted territory if we talk aboutheir
pharmacognostipotential. Since 1940s wittihe developnentof SCUBA diving andopen
circuit seltcontained underwater breathing apparahese has been a tremendous growth of
marine pharmacognosy researches. Also the need for more new bioactive compounds is
growing from day to dayin thelast six decades mamjfferent marine organisms have been
explored for bioactive compmds (Brahmachari2012 Jimenoet al, 2004; Newmanet al,
2004)

The compounds frommarine organisms that are being investigated ememical
compoundghat organisms producas part of their normahetabolicactivities. Metabolic
products are generally divided in two big grougsimary metabolitesand secondary
metabolites The biggest number ofompounds of natural origin is secondary metabolites,
speciesspecific chemical agents that can be grouped into various cateddatesal products
are often synonyms for secondary metabolites. Those metalmktesually relatively small
molecules with structural diversity and a molecular weight under 3,000 Daltbey. are
called secondary metabolites because they are not biosynthesized @néhnal gnetabolic
pathways. Also,VHFRQGDU\ P HW D ERaQpiMaH funGtiRrQWhi¢h s Ddiectly
involved in the normal growth, development or reproduction of an orgafdiebenstein,
2004).

For the last two decades researchers are in constant search for potential pharmaceuticals
and natural products are considered to be one of the major sources for development of new

drugs. To find a single bioactive molecule that can find its place in plgramal medicine is
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an extremely long and complicated proceldswever, a number afatural products isolated
from marine organismshave already beooe active ingrediest of pharmaceutical
preparations because they showemaharkablebiological activities, vile many others are still

in various stages of clinical tria[8rahmachati2012 Koehnet al, 2005.

Various methods fothe separation and isolation and also instrumentation metioodse
structural characterizatiorsuch as nuclear magnetiesonancespectroscopy (NMR), mass
spectrometry (MSpnd Xray diffraction analysis,have helped researchers to get bioactive

compounds in pure form with clearly defined strucsifMartinset al, 2014)

1.2. ALGAE IN GENERAL

Algae are broad group ofiostly aquatic, photosynthetic microorganisms (from unicellular
to multicellular). They look alike plants known as phytoplankton, but better known as a living
organism plant without roots, leaves or flowers. It is eseoh#hat there are more than @0
species of algae. Most of them are marine algae in the oceans and the rest are freshwater
algae. Water flowers, water moss, seaweed or kdipse are all forms of algae. Algae can
come in different sizes, fromnty picoplankton which must beQDO timesincreased that we

could see it all the way to giant grass in the oceans that can grow to 50 meters in length.

They belong to theroups ofprokaryotes anaukaryotes These groupgan befurther

divided in classeshown in Table Ihttp://botany.si.edu/projects/algae/introduction.jatm

Table 1 Classification of algae ithe groups pf eukaryotesmd prokaryotes

EUKARYOTES PROKARYOTES

Bacillarophyceae Class Cyanophyceae (blue green algae)
Chlorophyceaégreen algae)

Chrysophycae (golden algae)
Dinophyceae (dinoflagellates)
Phaeophyceae (brown algae)

Rhodophyceae (red algae)



http://botany.si.edu/projects/algae/introduction.htm

A common characteristic of all algae is performing photosynthesis in which they produce
oxygen as a byproduct (unlike some photosynthetic bacteria). With the exception of blue
green algae, algae are eukaryotes what means that their cells contain organeies and
mitochondria membrane separated from the cytoplasm. Eukaryotic algaecaitain
chloroplasts in which are located pigments which are absorbing solar energy during the
process of photosynthesis. For most algae, along with other pigments which are giving them a
distinctive coloration (phycoerythrin red, phycocyanin and allopbocyanin - blue,
fucoxanthin- brown, violaxanthin violet, etc.), the primary pigment is chlorophylgreen

pigment.

Although they have many similarities to land plants, algae are not considered to be real
plants because they lack a specialized vascsyatem (conduction system of fluid and
nutrients) roots, stems, leaves (taking nutrients, liquids and gases directly from the water
column) and an indoor reproductive organs (flower or cone). Algae need only minerals and

sunlight for their bloom, and &fin water to prevent its drying out

1.3.THE RED ALGA SPHAEROCOCCUS CORNOPIFOLIUS

Red algae (Rhodophycedeom the Greek wordg) / UHG DQG 3#2) SODQW
group of mostly multicellular, marine algae, including many seaweeds. Theletmreen

5,000 and @00 living species, while other sourceay that there are more than ()

species of algaeSphaerococcus conopifoliusis a species also known &ematocelis
fissurataCrouan.frat or in English aBerry Wart CressFirst chemical malysis on this alga

was done on 1976 and since then great number of brominateéd diterpenes has been
isolated (Woelkerling, 1990. On figure 1 is shown hov%. coronopifoliudooks like. The
taxonomic  classification of S. coronopifolius is presented in Table 2

(http://www.algaebase.oyg
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Figure 1.The red &ya Sphaerococcus conopifolius(from skaphandrus.com website)

Table 2. Taxonomicclassification ofSpraerococcus camopifolius

Empire: Eukaryota

Kingdom: Plantae

Phylum: Rhodophyta
Subphylum: Eurhodophytina
Class: Florideophyceae
Subclass: Rhodymeniophycidae
Order: Gigartinales

Family: Sphaerococcaceae
Genus: Sphaerococcus

1.3.1.DESCRIPTION OF SPHAEROCOCCUS CORNOPIFOLIUS

This algagrows from a discoid holdfast to form an erectmpressed, two edged,
cartilaginous, thallus with scarlet fronds and dark brogchmain axes long to 300 mm. It has
a lot of branches which are made as distichous, subdichotomous or alternative. Small final
branchlets are often fringed with short margjipaoliferations. The tetrasporic phase is
crustose and was previously referred aso H. fissurata Crouan.frat Plocamium
cartilagineumis similar, butPlocamiumshows a different pattern of branching which has not

been seen iBphaerococcugttp://www.habitas.org.uk/marinelife/


http://www.habitas.org.uk/marinelife/

1.3.2. DISTRIBUTION, HABITAT AND ECOLOGY

The gametangial phase $fcoronopifoliusis located mostly in the southestern coast of
England, Wales, around Ireland and western coasts of Scotland.

The tetrasporic phase has been recorded from Ireland and Scotland. Europe:
Mediterranean, Azores, Portugal, Atlantic coasts of Spain and Franzan also be found
around Canary IslandsGeographical coordinates on whiGhcoronopifoliuscan grow are

showed in Able 3.

Table 3. Geographical coordinates on whiSphaerococcus conopifoliuscan grow

40.12 t59.25
-10.30 t1851

Latitude (degrees):

Longitude (degrees):

Frequent habitat of this alga is rocks in shallow anedb the depth up to 25.6 m
maximum. Depth range was based on 95 specimens in one taxon. Water temperature and
chemistryranges were based on 52 sampias/ironmental ranges which S. coronopifolius

can grow are shown in TablgHttp://www.iobis.org/mappér

Table 4. Environmental rangas which Sphaerococcus conopifoliuscan grow

Depth range (m): 0 £256
Temperature rang€elsius degregs 11845 +16269
1LWUDWH —PRO O 1692 +4.757
Salinity (PPS): 35008 +37.969
Oxygen (ml/): 5.382 1£6.346
S3KRVSKDWH —PRO O 0.229 +0.335
6LOLFDWH —PRO O 1.778 +3.727
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1.3.3.REPRODUCTION

Red algae can reproduce themselves asexually, sexually or by exchanging these two
mechanisms (this is called exchange of generations). The cycle of reproduction can be caused
by various factors, such as day length. They have no moving cells; spores atdsgara
fixed and the algae rely on water as a carrier of cells in organs. Vegetative reproduction is
achieved by simple partitioning (at unicellular forms), by breaking colonies or only with some
broken parts of the talus. There is also a reproductitim spores which results with certain
number of different types of spores (monospore, tetraspore and polispore). Sexual
reproduction is presentdry atypical oogamylLee,2008. On Figure 2 is shown typical red
algae lige cycle.

leuaspowpr_n-n-e gametophyte tetrasporophyle
(diploid) torala (hapioid) (dipioaa)
=gametophyto i l
| | carposporophyto
l ovum e -,
o) D
" ../ Joeo — W0
carpospor o ® o _mitosis . |
Q_._. '-Jr .0:0 2 (:’ e = A—»
meiosis \ Carpospores
:wW |
| antheridium }
I
| | maturation
l male !
asoxupl Jeheop. sexval asexual
Figure 2.0utline of a typical reclgaelife cycle.After Wallaceet al LQ )RVVn DQG

Nilsen (1996 (from advancedaquarist.com website)



2. AIM OF PROJECT

The ultimate goal of the resear@ssociated with the chemistry of natural products is the
isolation of secondary metabolites, which will show biological activity or some other

worthwhile application.

Mediterranean seshows wide biodiversity and therefore wide pharmacological potential.
In this project it has been studiedemical composition of the one cosmopolitan briglt
alga S. coronopifolius Since now it has been known that this red alga has in its own
composition many interesting brominated diterpenes even thought they are much more
common in brown algae. For some of isolated metabolites it has been proven that they have
certain antibacterial, insecticidal, antifungal and antiviral activity. Caéieal.in 1982 ad
1988 isolated the diterpenephseopyrane and Fhydroxybromosphaerol from this alga;
later in 2001 Etahiriet al. isolated two new bromoditerpenes which showed antibacterial
activity against Gram (+) bacteria. Need for new antimicrobial agents isggbigyger every
day if it is considered that new sorts of bacterias are getting more and more resistant to all

existing drugs.

The aim of this study was isolate and then identigome of the compounds inet sample
of red algaS. coronopifoliuscollectedin Liapades bay at Corfu Islan@reece, in October of
2014



3. MATERIALS AND METHODS

3.1.MATERIAL PREAPARATION

Specimens of the red al@coronopifoliuswere collected bysCUBA divingin Liapades
bay at Corfu IslandGreece, at depth of 8+15 m in October of 2014. »oucherspecimen is
kept at the Herbarium of thBepartmentof Pharmacognosy and Chemistry of Natural
Products, University of Athens (ATPH/MP0485. coronopifoliuswas initially airdried
(0.85 kg dry weight).The dried algal biomass was extractaith 100% MeOHat room
temperature for one glaand the obtained extract whkered and evaporated uedvacuum
until total dryness. Aexcond anda third cycle of extraction were performedth mixtures of
DCM /MeOH (3:1). After two days of samples being extracted in mentioned solvents,
extracts were again filtered and evaporated under vacUuma fnal weight ofthedark green

oily residue that was obtagd fromthe combinedxtractswas 2364 g

3.2.METHODS

3.2.1.CHROMATOGRAPHY

Chromatographyfrom Greek$6 .chroma FRORU D Q@apHei'® write") is
one term that describes setlaoratory technique®r theseparation of mixtures-or this
methodmixture has to be dissolved in a fluid called thebile phasewhich carries it through
other part of chromatography system which is holding another material callsthtibeary
phaseThe various compounds of the mixture travel with different speeds, and that way they
are being separate@ihere are couple of ways to divide existing chromatography methods, but

most common division is the one basedbrsical state of mobile phase (Eftt®©93).


https://en.wikipedia.org/wiki/Ancient_Greek
https://en.wikipedia.org/wiki/Laboratory_techniques
https://en.wikipedia.org/wiki/Separation_of_mixtures

3.2.1.1.LIQUID CHROMATOGRAPHY

Liquid chromatography (LC) is method for separatidrsabstances based on deploying
between a stationary solid phase and a liquid mobile phase. There are two subtypes of this
chromatography: traditional ankigh performance LC (HPLC). Traditional LC is being
performed in different sized columns depending on weight of sample that needs to be
analyzed using this method. Columns are being packed with the porous material, usually
silica gel. Liquid mobile phaseogs through the column by gravity, so flow can be pretty
slow and this method is not particularlyestive in that caseThe principle of gravity column
chromatography (GCC) is based on differential adsorption of substance by the adsorbent. The
usual adsents employed in column chromatography are silica, alumina, calcium carbonate,
calcium phosphate, magnesia, starch, etc., selection of solvent is based on the nature of both
the solvent and the adsorbent. The rate at which the components of a mixtsepaaeded
depends on the activity of the adsorbent and polarity of the solvent. If the activity of the
adsorbent is very high and polarity of the solvent is very low, then the separation is very slow
but gives a good separation. On the other hand, ifttieity of 29 adsorbent is low and
polarity of the solvent is high the separation is rapid but gives only a poor sepaféii®n
method can be improved and accelerated by using suction from aspirator that creates partial
vacuum in flask. Vacuum liquid ebmatography (VLC) became one of the most common
methods for separation of mixtures because it is pretty simple and inexpensive method that is

capable to give gm results in short time period (Ettre, 1993).
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Figure 3.Gravity column chromatographghowed in seven stepqfrom wikipedia.org

website)



Gravity column chromatography showed in seven steps (Figure 3):

Columnis beingloaded with silica or some other column medium

Eluting solvenis added to compact silica layer and to remove air bubbles
Purplemixture as a thin layer is added to top of silica layer

Eluting solvenis added and eluted (purple layer separates into a red and blue layer)
Eluting solvenis added and eluted (red and blue layers separate further)

Red layeiis beingcollected (thdaster moving layer)

Blue layeris beingcollected (the slower moving layer)

© N o g A~ WD PRE

No more compounds to be elutedprocess endekdere

In HPLC the sample is forced to be moved by an eluent at high pressure (the mobile phase)
through a column. Column is filledith a stationary phas®&asic HPLC sheme is shown on
Figure 4 HPLC is divided into two different subtypes based on the polarity of the mobile and
stationary phases. Methods in which the stationary phase is more polar than the mobile phase
are named noral phase liquid chromatography and the opposite is hamedseevphase
liquid chromatography (Ettre, 1993).

| Mobile

.‘ Media " \Piizes HPELD et
‘ ‘ Software Software
De |
g2 HPLC |
1 I »| Pump '
, HPLC
Interface
E
Media Heater vV
Sampl Injection | HPLC
AL ; gﬁe gnﬁ‘zn!_’ Column > Pelecten
Manifold : = l
 waste 4

Figure 4 HPLC shemédfrom pharmaanalytic.com website)
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3.2.1.2.THIN LAYER CHROMATOGRAPHY

Based orphysical state of mobile phase TLC is also one kind of liquid chromatography. If
we considerchromatographic bed shapen TLC is planar type afthromatographyThis
method issimilar topaper chromatographyith a difference irstationary phaseit is a thin
layer ofadsorbentike silica ge| aluming orcelluloseon a flat, inersubstrate After sample
application on the TLC plate,@ate needs to be located with its small part under the place
with applicated samples solventor solvent mixture rfiobile phasp Capillary action takes
differentanalytsup on the TLC plate at different rates and that way separation is achieved
(Figure 5) Sometimes compounds being separated withntiehod may be colorless, so for
visualization of the spots where compounds ended their journey on TLC plate is has been
made reagent oMeOH, glacial acetic acidsulphuric acid (HSO,) and p-anisaldehyde
During this project TLC method was mostly useddentify compounds present in a given

mixture and determine the puriby substanceéEttre, 1993).

Figure 5.Development of a TLC plate, a purple spot separates into a red and blue spot

(from drgpinstitute.wordpress.com website)

3.2.1.3H NMR

'H NMR spectroscopyprotonnuclear magnetic resonafagetects signals of chemically
nonequivalent protons in analyzed compounds. The number of protons is estimated based on
the ratio of the integral area under individual sign@itgether with*C NMR, *H NMR is a

one of most common to®for molecular structure characterization.
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3.2.1.4.GAS CHROMATOGRAPHY +MASS SPECTROMETRY

GC-MS make an effective combination for chemical analysis. Gas chromatography patrt is
there to separate components in the sample. Each of those separated components ideally
produces a specific spectral peak which can be recorded on a paper chart or eldégtronical
Through the very narrow column flows gas carrier which is actually mobile p&aseer
gases are usually argon, helium, hydrogen, nitrogen, or hydrogen because those are inert
gases and they do not react with stationary phase or components of Saompp®unds in
gas steam exit the column with different tilmeténtion timepased on their various chemical
and physical characteristics and their interaction with a specific column filtagpnary
phase 7KH *& LQVWUXPHQW XVHV XVXDOO\ 06 GHWHFWRU W
spectrum on their exit from columfirigure 6) & R P S R Xr@a&sispectrum is then easily
used for qualitativedentification(http://www.scientific.org/tutorials/articles/gcms.hjml

Figure 6. Simgified sheme of GCtMS (from orgchem.colorado.edu website)
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3.3.INSTRUMENTATION

NMR spectra were recorded using CRQAldrich-Sigma Chemical Company) on Bruker
$& DQG %YUXNHU '5; VSHFWURPHWHUY &KHPLFDO VKL
using TMS as internal standard.

Low resolution EI mass spectra were measured on a Hewlekafda®&973 mass
spectrometer. Lowesolution ClI mass spectra were measured in positive mode on a Thermo
Electron Corporation DSQ mass spectrometer using a Eipqmbsure Probe and methane as

the Cl reagent gas.

Column chromatography separations were paréat with Kieselgel 60 (Merck). HPLC
separations were conducted using a CECIL 1100 Series liquid chromatography pump
equipped with a GBC L&240 refractive index detector, using a Techsil100DS (Wellington
House, 25 cm x 22 mm) column. TLC were performedhviieselgel 60 ps, (Merck
aluminum support plates) and spots were detected after spraying with 289 inl MeOH
UHDJHQW DQG KHDWLQJ DW f& IRU PLQ

(YDSRUDWLRQ RI WKH VROYHQWY XQGHU YDFXXPIZDV FRQ
DQG DOV Ratérb&hB DW f&

All solvents used were of analytical grade (LA AN Analytical Sciences), which were
distilled prior to use. All solvents used for HPLC separations were filtered and degassed prior

to use.

13



3.4.SEPARATION AND ISOLATION OF BIOACTIVE METABOLITES

The isolation procedure of bioactive metaledit from the initial residue ofS.

coronopifoliusmarked with cod@ameSCF is shown diagrammeally in Figure 7

Vacuumliquid chromatography on silica gel normal phase column was the fiishact
done on initial residue (284 g). The system of eluting solvents was composed of mixtures
cHex / EtOAc and EtOAc / MeOH in increasing polarity systems. Result of this vacuum
liquid chromatography was in total 27 fraction¥alble 5, which were then tested
chromatographically with TLC. For fractisrfirom number 1 to 12 usesblventsystem was
70 % cHex: 30 % EtOAc; for fractions from 12 to 22 it wassed30 % cHex: 70% EtOAc
ard for samples from 23 to 27 it was used?®3tOAc: 5% MeOH. Fractions that exhibited
similar chromatographic characteristics were combined, so the final number of obtained
fractionsafter this vacuum liquid chromatograpimas 14 Table 6) This table ao shows
weights of final 14 samples.

14
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VLC
SC[Fl —— SCF2 SCF3 — SC[F4 —— SGF5 —— SCF6 |— SCF7 SCF8 —— SCF9 —— SCF10 —— SCFl1 SCF12 SCF13 SCF14
I
HNMR
GC
[ ’7HPLC
|
SCT4A — SCl’:4B sediment residue VLC
HNMR HNMR
SCF5A —— SCI‘:SB SCTSC —— SCF5D —— SCI‘:SE SCF5F |—— SCF5G [—— SCF5H
\ HNMR \
HNMR HNMR HNMR
VLC
SCF5D1 —— SCF5D2 —— SCF‘SDS t SCF5D4 SCF5D5
GCC
SCF5D3A —— SCF5D3B —— SCF5D3C —— SCF5D3D SCF5D3E t SCFTD:’.F —— SCF5D3G —— SCF5D3H —— SCFBD3I —— SCF5D3J
HNMR HNMR HNMR HNMR HNMR

Figure 7. Sheme of isolation of bioactive metabolites from samplgpbfaerococcus coronopifolius

|
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Table 5. Elution solvent systems, fractions collected after using merttisofvent systems
and volumes otollected fractioa (ml)

Solvent of eluation Fraction Volume (ml)
100 % cHex 1and 2 250
95 % cHex : 5 % EtOAc 3and 4 250
90 % cHex : 10 % EtOAc 5 and6 250
85 % cHex : 15 % EtOAc 7 and 8 250
80 % cHex : 20 % EtOAc 9 and 10 250
70 % cHex : 30 % EtOAc 11 and 12 250
60 % cHex : 40 % EtOAc 13 and 14 250
50 % cHex : 50 % EtOAc 15 and 16 250
30 %cHex : 70 % EtOAc 17 and 18 250
10 % cHex : 90 % EtOAc 19 and 20 250
100 % EtOAc 21 and 22 250
90 % EtOAc : 10 % MeOH 23 and 24 250
75 % EtOAc : 25 % MeOH 25 and 26 250
100 % MeOH 27 500

Samples with code name SCF1 and SCF2 were identificatedanalysing their
spectroscopic data (GAMS) and comparinghem with literature dataSamples with code
names SCF1 and SCF5 were abstedby 'H-NMR.

16



Table 6. Fractionsobtained after combiningode names and final weightp

Combined fractions Code name Weight (g)
1+2+3 SCF1 1574
4+5+6+7 SCF2 0.04

8 SCF3 0.287
9+10 SCF4 10262
11 SCF5 2.008
12 SCF6 0.409
13+14 SCF7 1409
15+16+17 SCF8 1281
18 SCF9 0.258
19+20 SCF10 0503
21+22 SCF11 0.362
23+24 SCF12 0.1280
25 SCF13 0.0633
26+27 SCF14 1873

The SCF4 residue (1262 g) was dilutedapproximately fivetimes. Diluted SCF4 residue
(2.53550g) was subjected to HPLC with isocratic syst&@d % MeOH as eluent (Table).7
Received two fractionsSCF4A and SCF4Byere tested speascopity by *H-NMR. That
identification method showed that #getwo substances are purified sahsegTable8).

$OVR GXULQJ WKLV +3/& WKHUH KDV EHHQ LVRODWHG V
eluent MeOH. Mentioned sedimer@.Q643 g) was removed in another vial and eventually

dissolved in dichlmmethane. Bsidue weight was 1609 g.

Table 7. Chromatography conditions for HPLC procedure done on sample SCF4

CHROMATOGRAPHY CONDITIONS
Column Techsil100DS, 2&m x 22mm
Eluent 100% MeOH
Eluation flow 5ml/min
Detector GBC LC 1240 R.I. detector
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Table 8 Code names, weightg) and eluation timegmin) for two compounds separated with
HPLC fromsample SCF4

Code name Weight (g) Eluation time (min)
SCF4A 0.1994 16437
SCF4B 1.0226 18617

Sample SCF5 was first tested with couple of differsolvent systems for TLC that
included cHex, EtOAc and DCM while trying to find the best one for separation of its
components.

Next step wawacuum liquid chromatography on silica gel normal phase coldone on
initial residue SCF5 (R08 g). The system dcfluting solvents was composed of mixtures
cHex / DCM and DCM / EtOAc in increasing polarity systems. Result of this vacuum liquid
chromatography was in total 8 fractions (from A to H)able 9, which were tested
chromatographically with TLC. Solvent sgst that has been used for TLC was%8@Hex:

20 % EtOAc. This table also shows weights of final 14 samfle€. with solvent system 95

% npentane : 5 % acetone and 95 %%amtane 5 % EtOAc was done on sample SCF5D.

Table 9. Code names,lation solventsystems, collected fractiorisl) and weightqqg) after
VLC on sample SCF5

Code name Solvent system Volume (ml) Weight (g)
SCF5A 80% cHex : 20% DCM 150 0.0084
SCF5B 50% cHex: 50% DCM 150 0.352
SCFBC 20% cHex : 80% DCM 150 1.1664
SCF5D 100% DCM 150 0.3012
SCF5E 90% DCM : 10% EtOAc 150 0.109
SCF5F 70% DCM: 30% EtOAc 150 0.0664
SCF5G 50% DCM : 50% EtOAc 150 0.018
SCF5H 100% EtOAc 150 0.0075
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Next step for this sampleD 3012 g) was vacuum liquid chromatograplon silica gel
normal phase column. Theystem of eluting solvents was composédanaxtures npentane
and EtOAcin increasing polarity systems. Result of thiswmam liquid chromatography was
9 fractions. Some of meioined nine fractions that exhibited similar chromatographic
characteristics we combined, so the final mber of obtained fractionwas five (Table 10
and Tablel1). Samples SCF5D3 and SCF5Mvére also tested spectroscopicly'biyNMR.

Table 10 Eluation solvent systems, numbef fractionsand volume (ml) of collected
fractions after VLC orsampleSCF5D

Solvent system Fraction Volume (ml)
100% npentane 1 50
95% npentankE : 5% EtOAc 2 50
90% npentane : 10% EtOAc 3and4 50
85% npentane : 15% EtOAc 5and 6 50
80% npentane : 20% EtOAc 7 and 8 50
100% EtOAc 9 50

Table 11 Code namesyféctions obtained s#r combiningand final weightfmg) after VLC
onsampleSCF5D

Code name Fractions combined Weight (mg)
SCF5D1 1+2+3 44
SCF5D2 4 138
SCF5D3 5 2144
SCF5D4 6 368
SCF5D5 7+8+9 6.7
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Next step for sample SCF5D3 @144 g) was gravity column chromatography on silica gel
normal phase column (Table 1Based on dimensions of column, it was possible to calculate

approximate volume of eluent needed for chromatography@/=f x@).

Table 12. Chromatography conditions for sample SCF5D3

CHROMATOGRAPHY CONDITIONS

Height of column (cm) 12.5

Radius of column (cm) 3

Eluent system 95% cHex : 5% EtOAc (for samples3b)
Eluent system 90% cHex : 10% EtOAc (for samples-38)
Eluent system 100% EtOAc (sample 45)

Result of this gravity column chromatography was in total 45 fractions, from which first 35
fractions were received after usi@g % cHex: 5% EtOAc as eluent. Next 10 fractions were
collected with 90% cHex : 10 % EtOAc used as eluent. All 45 fractiongere tested
chromatographically with TLC wher@0 % cHex: 10 % EtOAc was the solvent system.
Fractions that showed similar chromatographic characteristics were combined, so the final
number of fractions after GCC @CF5D3 sample was 10 (from A to(Jable 13. Samples
SCF5D3F, SCF5D3G, SCF5D3H and SCF5M@@te tested spectroscopicly By-NMR.
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Table 13 Code namesyéctions obtained &dr combiningand final weight{mg) of sample
SCF5D3

Code name Fraction number Weight (mg)
SCF5D3A 1-4 14
SCF5D3B 5 0.6
SCF5D3C 6 0.6
SCF5D3D 7 05
SCF5D3E 8-15 22
SCF5D3F 16-19 498
SCF5D3G 20-23 251
SCF5D3H 24-35 1044
SCF5Da3I 36-44 148
SCF5D3J 45 7.6
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4. RESULTS AND DISSCUSION

Specimens 08. coronopifoliuswere collected in Liapades bay at Corfu Isla@Gdesce, in
October of 2014. The driealgal thalliwere exhaustivgl extracted at room temperature with
100 % MeOH and mixtures ofDCM /MeOH (3:1). The dtained organic extracivas
subjectedto a series & chromatographic separations that resultedhim isolation of three

secondary metabolite§ 8).

The structure elucidation of the isolated compounds was based on analysis of their
spectroscopic data (NMR and MS) and comparison of their reigeopic and physical
characteristics with those reported in the literature.

4.1.COMPOUND 1

Compoundl, (code name SCF1), isolated as a colorlessoiptcompound, had a
molecular formula of GHy4, as deduced from its MS afiC NMR spectra.

In particular, compound displayed in the mass spran (Figure8) the molecular ion
[ 1" atm/z204.

Figure 8. Mass spectrum (EMS) of compound
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The®C NMR spectrum ofl (Figure 9) revealed 15 carbon signals. Among them, evident
were two olefinic carbons resonating/d@097 and 152.1.

The *H NMR spectrum ofL (Figure 10) included signals for an exomethylene group (
4.70 and 4.73) and three methyls on quaternary carbon atdh®l( 0.96 and 1.00).

| N, u Lu \W\JL«

I I I I
200 150 100 50
ppm (t1)

Figure 9. °C NMR spectrum of compourt
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Figure 10. *H NMR spectrum of compourid

Comparison of the spectroscopic data of compdu(ichble14) with those reported in the
literature for relevant molecules allowed for the identificationl ais allo-aromadendrene
(Figure 1) (De Roseaet al, 1988;Faureet al, 1991)

Figure 11. Structure of compoundl
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allo-Aromadendrene is common compound of many plants and it has been isolated in the
past. One research done on mbtgde Cinnamomum osmophloedsaves showed thailo-
aromadendrene in it has protective activity against oxidative stress but also it prdioaged
lifespan of Caenorhabditis eleganwhat indicated on its ability to delay aging (M al,
2014).

Table 14. NMR data of compound in CDCk (/in ppm, multiplicity,J in Hz)

Position Ic Ip

1 508 2.66(brg 8.2

2 28.2 1.89(m), 1.73 (m)

3 31.2 1.73 (m), 1.32 (m)

4 37.8 2.07 (brdhept B, 7.0)
5 42.2 1.86 (M)

6 23.5 0.24 (dd 9.4, 11.0)

7 24.8 0.55 (ddd 5.9, 9.4, 11.0)
8 22.1 1.83 (m), 1.24 (m)

9 35.7 2.31 (m)

10 152.1

11 17.1

12 28.6 1.00 (s)

13 15.8 0.9 (s)

14 16.4 0.94 (d 7.0)

15 109.7 4.73 (brs), 4.70 (brs)
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4.2.COMPOUND 2

Compound2, (code name SCF4B), isolated as a brgwhow oily compound, had a

molecular formula of gHsBr,0, as deduced from its MS atiC NMR spectra.

In particular, compoun@ displayad in themass spectrum (Figure Lthe fragment ion
[ +H-p0O]" at m/z429 with isotopic peaks ah/z431 and 433 with a relative intensity of
1:2:1, which indicated the presence of one hydroxyl group and two bromine atoms in the
molecule.

Figure 12 Mass spectrum (PEMS) of compoun®

The*C NMR spectrum of (Figure 13 revealed 20 carbon signals. Among them, evident
were one oxygenated carbon resonating &2.3, two olefinic carbons resonating at26.9
and 128.6 and two halogenated carbossmating at/ 40.4 and 68.9.
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Figure 13 3C NMR spectrum of compour

The'H NMR spectrum o (Figure 14 included signals for two olefinic methine$g.67
and 5.99), one halomething 8.97), one halogenated methylene3(59 and 3.91), two
methylson tertiary carbon atoms/ 0.88 and 0.95) and two methyls on quaternary carbon
atoms (/1.28 and 1.36).

Comparison of the spectroscopic data of compdu(ichble 15 with those reported in the
literature for relevant molecules allowed for the identificatio2 @s bromosphaerol (Figure
15) (Fattorusset al, 1976;De Roseet al, 1988;Cafieriet al, 1990)
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Figure 14. 'H NMR spectrum of compourt
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Figure 15 Structure of compoun?

Bromosphaerol has been isolated before from this alga by the group of researchers from
France and Portugal. In mentioned research they proved that all isolated compounds
(Sphaerodactylonel, Bromosphaerol, 128ydroxybromosphaerol, 12R
hydroxybromosphaerol and SphaerococcenphaAve antproliferative activity on Hep&
cells (in vitrocarcinoma model of a human hepatocellular cancer) atostt concentrations.

About its antimicrobial activity the highest growth inhibition agains$taphylococcus

aureuswas obtained exactly fo Bromosphaerol KRodrigues et al, 2015).
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Table 15 NMR data of compound in CDCl; (/in ppm, multiplicity,J in Hz)

Position Ic Ip

1 128.6 5.99 (brd 10.6)

2 126.9 5.67 (dm 10.6)

3 21.8 2.12 (m), 1.92 (m)

4 42.5 1.72 (m)

5 41.8

6 24.9 1.66(brddd14.5, 13.7, 4.y 1.50(m)
7 36.4 1.83 (ddd 13.7, 4.7, 2.7), 1.22 (m)
8 40.7

9 50.5 1.46 (d 11.0)

10 37.3 2.9 (dm 11.0)

11 72.3

12 46.2 1.72 (m), 1.62 (m)

13 30.1 2.39 (tdd 12.9, 12.5, 4.3), 1.96 (m)
14 68.9 3.97 (dd 12.5, 3.5)

15 14.0 1.28 (s)

16 35.0 1.36 (s)

17 40.4 3.91 (d 10.6), 3.59 (dd 10.6, 2.0)
18 26.0 1.98 (m)

19 25.8 0.88 (d 7.0)

20 19.8 0.9 (d 7.0)
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4.3.COMPOUND 3

Compound3, (code name SCF4A), isolated as a light greeroitptcompound, had a

molecular formula of GH»eBrO,, as deduced from its MS aftC NMR spectra.

In particular, compoun@ displayed inthe mass spectrum (Figure)lie molecular ion
[ 1" at m/z 380 with an isotopic peak anh/z 382 with a relative intensity of 1:1, which
indicated the presence ohe bromine atom in the molecule. The characteristic fragment ion
[ - p]" atm/z362 with an isotopic peak at/z364 with a relative intensity of 1:1 indicated

the presence of a hydroxyl group in the molecule.

Figure 16. Mass spectrum (EMS) of compoun®

The*C NMR spectrum o8 (Figure 17 revealed 20 carbon signals. Among them, evident
were one carbonyl resonating AR03.4, one oxygenated carbon resonating @5.3, four
olefinic carbons resonating dt124.4, 127.7, 128.2 and 162.0 and one halogenated carbon
resonating at' 39.8.
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Figure 17. *3C NMR spectrum of compouri

The 'H NMR spectrum oB (Figure 18 included signals for an isolated AB system of an
., -unsaturated ketone moiety .05 and 6.81), two olefinic methines5.73 and 6.03), one
halogenated methylend 8.70 and 3.88), two methyls on tertiary carbon atom8.90 and
0.96) and two methyls on quaternary carbon atofsQ7 and 1.32).

Comparison of the spectroscopic dataompound3 (Table16) with those reported in the
literature for relevant molecules allowed for the identification3cds sphaerococcenol A
(Figure 19 (Fenicalet al, 1976;De Roseet al, 1988).
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Figure 18 *H NMR spectrum of compourfl

Figure 19. Structure of compoung@

Sphaerococcenol A has been isolated in the past fromredhealgaS.
coronopifolius collected on the Atlantic coast of Morocco. In that research Sphaerococcenol
A showed antimalarial activity against the chloroquine resigtlEgmodium
falsciparumFCBL1 strains with an IC5@R | 0 (WeDaK RQOL).

Also Smyrniotopoulo®t al in 2010were testing in vitro antitumor activity evaluation of
brominated diterpenes from the same alga. Results showed that compounds like

Sphaerococcenol A with the sphaerane carbon skeleton exhibit increased antitumor activity.
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Group of these researalsewent one step further by using computer assisted {oloadest
microscopy (quantitative videomicroscopy). This way they tried to find the mechanisms of
action of most active compounds under study, among which was also Sphaerococcenol A, on
the apoptosiresistant U373 glioblastoma cell line. It showed that Sphaerococcenol A is
cytostatic compound that delay U373 GBM cell growth through marked decreases in mitosis
entry for this compound.

Table 16. NMR data of compoundin CDCk (/in ppm, multiplicity,J in Hz)

Position Ic Ip

1 128.19 6.03(brd 10.9

2 127.66 5.73(ddt 10.4, 5.0, 2)6

3 22.27 2.15(dddt 19.5, 7.0, 5.0, 213.98(m)

4 41.98 1.76 (brd 7.0)

5 40.17

6 32.97 1.83 (dddd 13.7, 13.2, 4.6, 2.5), 1.57 (ddd 13.7,
2.5)

7 24.45 1.66(ddd 13.2, 13.2, 3.7), 1.45 (ddd 13.2, 4.6, 2.5

8 36.79

9 45.43 1.91 (d 12.4)

10 35.43 2.88 (ddq 12.4, 5.0, 2.5)

11 75.27

12 203.40

13 124.41 6.05 (d 10.0)

14 162.03 6.81 (d 10.0)

15 21.35 1.07 (s)

16 31.30 1.32 (s)

17 39.85 3.88 (d 10.4)3.70 (dd 10.4, 2.5)

18 25.79 1.95 (m)

19 25.92 0.96 (d 6.6)

20 19.45 0.90 (d 6.6)
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5. CONCLUSION

The present work focesl on the chemical composition @he organic extraxt oft he red
alga S. coronopifolius Algal specimensvere collected in Liapadelsay at Corfu Island
Greece, in October of 2014rhe extract was subjected to chromatographic separations
resulting in the isolation and identification with spectroscopic metlid84R and Mg of

three secondary metabolites.

The isolated metabolites werlientified as allo-aromadendrane, bromosphaerol and

sphaerococcenol A.
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7. SUMMARY

Marine organisms have beemderinvestigatedor mary years when compared to most
terrestrialplantsregarding the isolation dheir metabolites antheir evaluatiorfor different
medical purposes. In last six decadbat scientiststurned their attention on the marine

environment, theglisoveredvealthof marine metabolitefor a wide array of applications

The red alga&Sphaerococcus conopifoliusis marine plant thahas been investigated in
the past for its chemistryMany of its isolated compounds which belongtie group of
bromoditerpenes showed antitumor asatimicrobial effecdt Those discoveries amgood
motivation for marine chemists t@iwtinue exploring this red alga. The main objectif¢his
diploma thesis was to isolatand identify bioactive compounds from the red alga

coronopifolius

The solation ofthe bioactive compounds froi8. coronopifolius started withvacuum
liquid chromatography of the initial organic extract, which yielded a numberactibns The
first of these fractiors was identifed asallo-aromadendrene. The fourth fraction was
subjected tdHPLC analysis, which ragted in the isolation of two pure compounds. These

compoundsvere identified as bromosphaerol apthaerococasol A.
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8. SUPPLEMENTS

8.1. ABBREVIATIONS
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8.2.ISOLATED METABOLITES AND THEIR STRUCTURES

Metabolite

Structure

1

allo-Aromadendrane

2
Bromosphaerol

3
Sphaerococcenol A
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*RWRYR WUL pHWMBWMQEBHLSRYUAELQH ,Sak NREKY HIQ RNMYH ¥ RQGI
IDUPDNRORANLK VWXGLMD XVUHGRWRpPHQD MH QD NRSQHQ
QMLK =D RVWDOH RUJD@IPBWX \DDRBNRO RENDIWEIDWHQFLM
UD]OLpLW Lod heNdvrRpEelpozietHi priznatk GUXJL UD]OLpLWL PRUVNL R
VX ULEH &dNROMNH DOJHOREIMNWHRIUMH LJPIOMLYHFK PQRJ
OoNUX&HQMX RG NRSQFbQedlavit thdldpQd pdstavkwla tH VH QMLKRY L
sekundarni metaboliti] Q D p D M Q Ratilod ]ddih $eRu¥darnih metabolithoje kopnene

biljke proizvode

.RPSRQHQWH PRUVNLK RUJDQL]DPD NRML VX LVWUDALYDQ
SURL]YRGH NDR GLR VYRMLK QRUPDOQLK PHWDEROLpPNLK D!
podijelieni X GYLMH YHOLNH VNXSLQH SULPDUQH PHWDEROLWH
VSRMHYD SULURGQRJ SRGULMHWOD VX XSUDYR VHNXQGDU
VYDNX YUVWX NRML VH PRJX UDWVmetabb@iLSWR.E X pl@QIR] QJHQ WML |
PDOH PROHNXOH V PROHNXOVNRP PDVRP LVSRG GDOW
razlikuju. Oni se nazivaju sekundarni metaboliti jer nisu nastali sintezom aninngu
JODYQLP PHWD®B®ROLpPpNLP SXWR

Pronalazak jedne bioaktivne molekuleMd PRaH SURQDUL VYRMH PMHVWR X
MH YUOR GXJ L VORaAHQ SURFHV 1R PQRJL SULURGQL SUR
YHUG SRVWDOL DNWLYQL VDVWRMFL IDUPDFHXWVNLK SULSU
aktivnosti, dok suUPQRJL GUXJL PHWDEROLPpNL SURGXNWL MR&a XYLN
ispitivanja.

U ovom diplomskom radu analiziran je kemijski sastav kozmopolitske svgetkne alge
Sphaerococcus coronopifoliuPosad je poznato da ova crvena alga u seastau ima

PQRJR |DQLPOMLYLK EURPLUDQLK GLWHUSHQD LDNR VX VS
X VPHYyLP RQADMWBRYRJ LVWUDALYDQMD ELR MH L]JROLUDWL W
iz uzorka crvene alg8phaerococcus coronopifoliysikuplijena u uvali Liapades na otoku

UIX X *UpPNRM X OLVWRSDGX JRGLQH
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MATERIJALI | METODE

Uzorak crvene alg&phaerococcus coronopifoliyggikupljen je ronjenjem u uvali Liapades

QD RWRNX .UIX X *UpNR Meta@a D liSop&du QUIRBf&emni uzorak VH p XY D

X KHUEDULMX =DYRGD ]D IDUPDNRJQR]JLMX L NHPLMX SULL
ATPH / MP0485 ).Sphaerococcus coronopifolijggi SRpHWQR RVXaHQIB RgPU]DY D
VXKH PDVH 3UYD HNVWUDNFLMD V %Mmind MéOM R Wabvibj MH X p L
temperaturi tijekom jednog dana, a dobiveni ekstrakt se filtrirao i upario u vakuumu do suha.
'UXJL L WUHUOL FLNOXV HNVWUDNFLMH YU&LR VH V '&0 OH?Z
uzorka spomenutim otapalima, ekstrakti su s8VflU LUDOL L XSDULOL SRG YDNXX
NDR L QDNRQ SUYH HNVWUDNFLMH .RQDpQD PDVD WDF
kombinacijom skupljenih ekstrakata nakon sva tri ciklusa ekstrakcije i filtracije je 23,64
grama.

Razdvajanja kromatografijama naléoi su provedena s Kieselgel 60 (Merck). HPLC
ubj]GYDMDQMD VX SURYHGHQD X] NRULaAWHQMH &HFLO
kromatografiju opremljenog s GBC LC GHWHNWRURP LQGHNVD ORPD
Techsill00DS (Wellington House, 25 cm x 22 mm) attgp TLC su provedene s Kieselgel

60 bs4s OHUFN DOXPLQLMVNH SORpPpLFH D VDVWDYQLFH UD]G?
4SULFDQMHP UHheHEDY RPOH2+ WH ]JDJULMDYDQMHP QD f&
minute. Isparavanje otapala pod vakuumom je YWHGHQR SRPRUX %XFKL UR
LV SD U LI Dijvedebe kupelji BuchiB QD f&

105 VSHNWUL VX VQLPOMHQL N RSigma\VWhe@ivhH Congady) na$O G UL
%UXNHU $& L VSHNWURPHWULPD %UXFNHUX '5; .HPL
(ppm)skali upotrebom TMS kao unutarnjetandardalNiskorezolucijski EI maseni spektri su

mjereni na Hewlett Packard 5973 masenom spektrometrom. Niskoreglueij maseni

spektri su mjereni u pozitivnom stanju na Termo Electron Corporation DSQ masenom
spektroP HW U X S R P HEkposutelPrbBaN metana kao ClI reakcijskog plina.

6YD RWDSDOD NRMD VX VH NRULVSCAR BnalycaDIgiBrnods)Mte pNL R C
su destilirana prije upotrebe. Sva otapala koja su se koristila za HPLC razdvajanja swafiltrira

i otplinjena prije upotrebe.
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REZULTATI | RASPRAVA

Izolacija bioaktivnih spojeva crvene alg8phaerococcus cornopifoliuprovedena je
NURPDWRJUDIVNLP PHWRGDPD VYDNXXPVNRP WHNXULQVNI
kromatografijom na stupcu WHNXULQVNRP NURPDWRJUDIDWMRdaeYLVRNH
kemijskih struktura ovdje izoliranih spojeva provedeno je na osnovu analize njihovih
VSHNWURVNRSVNLK SRGDWDND 06 L 105 VSHNWUL WH XV
N D UDNWH U Lranij¢ havederiim ¥ ktératuri.

Prva odizoliranih supstancijge identificirana kaoallo-aromadendrendok su drugedvije

supstancije identificirane kao bromosferol i sfercdmol A.
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