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Abstract:

Macroalgae have a wide range of natural compounds which have natural antioxidants. In
this study, four concentrations of the ethanolic extract of the chlorophyta-related macroalga
Spirogyra aequinoctialis were tested in vitro to evaluate their ability on the growth inhibition of
Candida species. Results showed that the ethanolic extract has a strong and widespread inhib-
itory impact on Candida albican. The diameter of the inhibition zone (in millimeters) against
Candida albican was ranged between (32-10) mm also It’s interesting to note that some con-
centrations had greater antifungal activity when compared to the trademarked antifungal drugs
Nystatin and Clotrimazole. Chemical analyses showed that the active chemical compounds for
hot ethanol extract alga (Spirogyra aequinoctialis) extract was contains alkaloids, phenols ,
Tannins , Flavones, Resins , Saponines and Flavones. The ethanol extract was further chemical-
ly characterized by using GC-MS in order to be tentative identify the compounds responsible
for such activities. The main compositions were Decenoic acid, Pyrimidine, Tetradecanoic
acid, Heptane, and Boranamine compounds which had antimicrobial activity. Acetone extract
of Spirogyra aequinoctialis exhibited appreciable antimicrobial activity. This mean that could
be a source of valuable bioactive materials for health products. The current study confirmed that
macroalgae (Spirogyra aequinoctialis) ethanolic extract could be potentially used as antimicro-
bial agent.
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Ul Slbol sLA)l bLidl b &l
.Spirogyra aequinoctialis ;3451 bl Jgilu | yaldiuwoel
U9 Lolw xasi g Juld aas 45U
Gyl - s1aé- &y paiiun! deolal - pglell dus - sLaJl ogle o

J_...SY\u\:@&é#&\mﬁluw}\wwbu}&y J\_&J\QJB&J\LSJ_&-
55U 5 eI T omball o N il s 515 BT Lt o5 il yll o
oladl Cj_,\ s s Lo L8 (._::c.J pasit Splrogyra aequinoctialis 9\j.a_4-\f.,_5L>J=J\ 4.&:'
£l oLadl Sladl oo LW el 555 e S ad Jdl kit ) O tedl g1
4.12:-3)\.4[-@‘t\‘-&wj\_l\u_a)cV_LA(32—1O)W¢L&J\uw\u(u\ﬁ«ﬂb)m‘iﬁaﬁa#
s Nystatin U, Jeall ssLall Blaall Lgs ,las .)‘_,.pjxj\ ul_,Jla.AU sbas blas W ols u\J_.SJJ\ g of
e S Y1 jaliend Ul sleSI LS 1 OT L3beSIl el o bl . Clotrimazole
PP u\_:):L.p ol oM Gl oY sb colin s Lo 5}__4 (Spirogyra aequinoctialis)
&auidjﬁd\uuj&w}auu&&\wGC MSNJ@wLLALJJﬁbY\WW)V—’
uL,SJ.AjcuL...JMJaf&a\ﬂ&?cwmﬂc@fw)ﬁww)\uwﬂ\ RIAIA PR Y
Spirogyra s QWY\ R ol é\ A oJ_asM u\_,jfiw.U slas blas W $J\ sl 5l
dazdlin sl sl ol 150 0 4S5 O u_i.uj L]aj>=l.a A.JL-’)M Bl bl J_@.H aequinoctialis
Spirogyra aequinoctia-) § S| CI =kl | LN jalse L OT LI Lol ! usT L il olseal)

) ol Kool sl JolaS aslitseul o Sy (lis

cAle LS - ol s - Cb LA liae | S

J




Investigate the anti-Candida albicans activity of an ethanolic extract of the macroalgae

Spirogyra aequinoctialis.

|| 190

Thaeer H.Khleel & Ahmed S.Dwaish

Introduction :

Algae are common and widespread
in the water bodies of various coun-
tries. It could be possible to categorize
macro-algae through their nutrients and
chemicals contain. Some marine organ-
isms, including seaweeds, have been
examined upon as potential sources of
pharmacological main metabolites. (1).
Algal extracts were found to be highly
active against Candida albicans, and
the same results were achieved against
other fungal strains (2 , 3). (4) Using
paper disc agar diffusion methods, test-
ed the antimicrobial and antifungal ef-
fects of ethanolic crude extracts from
seven marine algal species (Cladopho-
ra glomerata, Enteromorpha linza,
Ulva rigida), Cystoseira barbaden-
sis, Padina pavonica, and Rhodophy-
ceae (Corallina officinalis, Cerami-
um ciliatum) found along the coast of
Vona. When (5) obtained antimicrobial
agents from 23 species of marine algae
belonging to the Chlorophyta, Phae-
ophyta, and Rhodophyta using three
different solvents (ethanol, acetone,
and methanol-toluene), they found
that the ethanol extract had the high-
est antibacterial and antifungal activi-

ties and the methanol-toluene extract
had the lowest. The Rhodophyta genus
includes four species with broad-spec-
trum antimicrobial activity: Laurencia
okamurai, Dasya scoparia, Gratelou-
pia filicina, and Plocamium telfairiae.
Extracts from seaweeds had a greater
impact in inhibiting bacterial growth
than fungal growth, while Rhodophyta
species had the highest antimicrobial
and antifungal activity. Some green,
red, and brown seaweeds were iden-
tified as possible sources of antibiotic
compounds, according to a report from
(6). Green algae were shown to be the
most effective antibacterial agents (7).
(8) investigated the presence of bio-
active phytochemicals in green algae
(Chlorococcum humicola) and the anti-
microbial activity of these compounds
using a variety of organic solvents, and
they found that organic extracts of C.
humicola had potent effects against the
pathogenic fungal strains of C. albi-
cans and A. flavus.

Five different types of seaweed
were extracted using petroleum ether,
eth-
yl acetate, and water, and all of the

benzene, chloroform, ethanol,
extracts showed antifungal activity.

Eleven human infections and five fish



191 ||

dudlyell deolall - du il duls - dualellg dugy Ul Olwlyadl dlao
02023 Jglui-dluadl pg le - Joil aloall - gguinellg ALl

pathogens were tested for resistance
to nine different solvents of algal ex-
tracts (10). When compared to extracts
made using different solvents, the ace-
tone extract of Ulva lactuca exhibited
the widest range of antibacterial activ-
ity. Researchers from Bejaia, Algeria,
looked into the antifungal properties
of four different marine algae species
and found that all of the extracts tested
showed antifungal activity; however,
the red algae Rhodomela confervoides
and the brown algae Padina pavoni-
ca had the greatest inhibiting effect
against Candida albicans (inhibition
zone: 24 mm) and Mucor ramanian-
nus (inhibition zone: 26 mm), respec-
tively. Ulva lactuca (Chlorophyceae)
was shown to be more effective as an
antibacterial agent than Jania rubens
(Rhodophyceae), according to a study
(12).Thirteen researchers tested the ef-
fectiveness of extracts from nine ma-
rine macroalgae (three Rhodophyceae
species, four Chlorophyceae species,
and two Phaeophyceae species) found
in Abu-Qir bay (Alexandria) against
various microorganisms. The variety
of algae seen in Iraq is remarkable. Ac-
cording to the existing literatures, anal-
yses of antifungal properties of Iraqi

algae have been ignored. Therefore,
the purpose of this research is to inves-
tigate the potential therapeutic value
of biologically active substances pro-
duced by extract of macroalgal species
collected in Baghdad, Iraq.

Materials and Methods:

Study area and algal samples col-
lection:

From September to October of
2022, macro-algae were collected by
hand from the Tigris River in the Rash-
ididia regni of Baghdad, Iraq. All sam-
ples were placed polyethylene bags and
transported directly to the laboratory
for diagnosis and description using
standard reference and taxonomy keys
(14). After that algae was , cleaned of
epiphytes, unwanted waste, and de-
caying tissue in the field, then washed
completely with water, and stored in
the shade for 7 days.

Preparation of extracts:

The shade-dried macro algae was
ground and kept frozen. After filling
the thimble with 20g of powder, 8 hours
were spent using a Soxhlet device to
extract the substance from 400ml of
Ethanol solvent. For later analysis, the
crude extracts were kept in an airtight
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reagent bottle.

Culture media:

Potato dextrose agar (PDA) and
Sabouraud dextrose agar (SDA) were
used and prepared according the man-
ufacturer details, Combine all ingre-
dients in ~900 ml of deioinized water,
adjust to pH 5.6 with hydrochloric acid
and adjust final volume to 1 liter, heat
to boiling to dissolve the medium com-
pletely,autoclave at 121°C for 15 min-
utes. Cool to ~45 to 50°C and pour into
petri dishes or tubes for slants.

Candida albicans :

Candida albicans were obtained
from the postgraduate Bio-lab at the
College of Science at Dialla University
in Iraq to use in the following experi-
ments. Five different antifungal drugs

(table 1) were tested for their sensitivi-
ty to each of these pathogens.

Antifungal activity assay:

Efficacy antifung of algal extract
was tested in vitro with use the well
diffusion method (15). Fungal growth
inhibition rings around the well are
measured in millimeters to express the
results. The solvent DMSO was em-
ployed as a placebo. Experiment-to-ex-
periment comparison data are present-
ed as the mean with standard error,
and all tests were run in triplicate with
halos larger than 10 mm deemed to be
positive.

Indicators of Active Compound in

Extract :

Algae were tested using established methods
(16, 17) to identify the presence of active chem-
ical substances.

>
5 Q A = =
e 7 S = =
= o 2 S S
samples Sources. 2 =3 S = 8 result
@ = = = S
C. albicansl Urine S | R R R
C. albicans2 Urine S S S S S
C. albicans3 Stool R | R R R MDR
C. albicans4 Stool S R R R R
C. albicans5 Urine R R R R R MDR
C. albicans6 Vaginal swap R R R R R MDR
C. albicans7 Burn S S S R R
C. albicans8 Stool S S R R R
C. albicans9 Urine S R R R R MDR
C. albicans10 Urine S S S R R
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Gas Chromatography-Mass Spec-
trometry :

GC-MS analysis was performed us-
ing a high-temperature column from
Agilent Technologies, with initial col-
umn temperature set at 100°C. A 5 L
sample volume was injected, and oven
temperatures were raised to 225°C and
300°C. Mass spectra were recorded
and analyzed using Agilent GC-Mass
Solution and postrun software. Chemi-
cals were identified by comparing their
masses to NIST database and genuine
standards. (15).

Results and discussion:

Morphological Structure of algae:

Spirogyra aequinoctialis 1s a type of
green algae that float freely in freshwa-
ter environments such as ponds, lakes,
and other similar environments. In
common usage, Spirogyra are referred
to as “water silk” or “pond silk” (Fig-
ure 1). They have a vegetative structure
that 1s unbranched and filamentous all
throughout. There are around 400 dis-
tinct species of the genus Spirogyra.
The distinctive spiral chloroplasts that
are found inside the cells of algae (Fig-
ure 2) inspired the naming of the genus
Spirogyra (18,19).

Spirogyra aequinoctialis species

have rapid response times, easy iden-
tification by experienced biologists,
and simple sampling. They exhibit tol-
erance or sensitivity to environmental
changes, as noted by the US Environ-
mental Protection Agency. (20).

( 7

a

Figure (1): Spirogyra aequinoc-

tialis in nature after isolate.

= Y] ~ g 7 )
Figure (2): Spirogyra aequinoc-

tialis under microscope (40X) .

Antifungal activity:

Antifungal of Chlorophyta mac-
roalga Spirogyra aequinoctialis was
evaluated against ten different strains
of Candida albicans. The efficacy of
Spirogyra aequinoctialis differed build
on the difference between isolates of
C. albicans used in the studies. Effects
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of Spirogyra aequinoctialis extract
(ethanol extract) at four different con-
centrations that the ethanolic extract
has a strong and widespread inhibito-
ry impact on Candida C. albican(Table
2). According to the results of the cur-
rent assessment, it appears that the eth-
anolic extract has a strong and wide-
spread inhibitory impact on Candida
albican. The diameter of the inhibition
zone (in millimeters) against Candida
albican was measured to evaluate the
antifungal activity of Spirogyra aequi-
noctialis (Chlorophyta) in extracts of
different treatments.(Table2). Notably,
the colony diameter of the examined
pathogenic fungi was significantly re-
duced by the ethanolic extract of Spi-
rogyra aequinoctialis, which contrasts
with the results of the sensitivity test
for these i1solates, most of those that
were resistant to antifungal drugs. The
current findings were consistent with
those of (21) who found that extracts
of some algae displayed more antifun-
gal action than common drugs against
C. albicans. Several authors found
conflicting findings on the antifungal
effects of algae extracts on various
Candida species. This is significant
since (22) found that seaweed extracts

made with methanol were the most ef-
fective against C. albicans. In con-
trast, the anti-Candida activity of the
ethanol extract of both algae is moder-
ate. Extracts of green algae in acetone,
methanol, and chloroform revealed no
action against C. albicans, however
(8) reported opposite results. All of the
above mentioned may have occurred
because of the season, location, and
isolate solvent employed for the algae.

Phytochemical evaluation:

According to the findings, the Spi-
rogyra aequinoctialis the extract of
ethanol contains active chemical com-
pounds. Alkaloids, phenols, flavo-
noids, resins, saponine, and tannins
were found in S. aequinoctialis ex-
tract. Table 3 indicates that no couma-
rins nor glycosides were present. They
examined the most chemically active
compounds in macro algae, and their
findings matched those of a number of
other studies (15).
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Sample
No. Source 100mg/ml
1 Urine 1£23
2 Urine 2+30
3 Stool 1+£28
4 Stool 1+32
5 Urine 1+16
6 H.V.S 1+26
7 Burn 2+24
8 Stool 2428
9 Urine 1+27
10 Urine 1£26

&

Table(2) : The effect (inhibition zone mm = SD ) of ethanolic Spirogyra aequinoctialis extract
in four different concentration on different sample source of Candida albicans .

Spirogyra algae extract in four different concentration

~

50mg/ml 25mg/ml 12.5mg/ml
1422 1+19 1+18
1£25 1+£24 14£22
1£26 1+24 2421
1+31 1+30 2+26

0.5+14 0.5+11 0.5+10
1423 1+20 0.5+16
1422 1+19 1+18
2+23 1+21 1+19
1+24 0.5+18 0.5+17
14+24 1+21 1+18

J

r

Table(3): Presence or absence of active compounds in Spirogyra aequinoctialis extract.

~

Chemicals Compound ethanolic Extract
Glycosides Absence
Phenols Presence
Alkaloids Presence
Resins Presence
Saponines Presence
Tannins Presence
Flavones Presence
Coumarines Absence

GC-MASS analysis:

Extracts that had notable antimicrobi-
al activity were investigated by biochem-
ical research to identify the structures
and identities of the chemicals respon-
sible for their bio-activity. Table 4 and
Figure 3 both show that identifying nat-

ural organic substances requires exam-
ination using Gas chromatography-mass
spectrometry (GC-MS). Extract of Spi-
rogyra aequinoctialis was chemically
analyzed using GC-MS to identify the
active components responsible for the
extract’s apparent biological activity.
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( 7
Table(4): GC-MS Analysis of Major Compounds
in ethanol extract of Spirogyra aequinoctialis.
Number RT. Area% Compounds
1 4.704 2.09 Aziridine
2 6.833 1.27 3-Quinolinecarboxylic acid, 6,8-di
3 13.004 2.31 Decenoic acid
4 13.662 8.07 2-Decenoic acid
5 15.436 0.95 Pyrimidine, 4,6-dimethoxy-5-nitro-
6 16.631 1.14 2-Pyrrolidinethione
7 18.924 3.30 Tetradecanoic acid
8 19.192 2.40 Ethylcyclopent-1-ene-1-carboxyli
9 19.928 1.26 Bicyclo[3.1.1]heptane, 2,6,6-trime
10 20.006 6.81 2-Pentadecanone, 6,10,14-trimethyl
11 20.300 1.73 Heptane,
12 20.975 1.22 1,2-Cyclobutanedicarboxylic acid
13 21.798 53.12 n-Hexadecanoic acid
14 22.109 1.90 Heptadecyl heptafluorobutyrate
15 23.555 1.99 Pyrrolidin-2-one, 5-[2-butyrylethy
16 24.013 2.46 Boranamine
- J
( 7
SN Mo GEB
W:ium I ~ B = 8 10 e Mﬂﬂ & o0 = Wf&wenu ﬁiﬂ‘ﬁ&g&;ﬁ@;w A n m
Figure (3): The chromatogram of GC-Mass spectrophotometry showed in
ethanol extract of Spirogyra aequinoctialis.
- J

A wide range of naturally produced

antimicrobial compounds, including

indoles, terpenes, acetogenins, phenols,

fatty acids, and volatile halogenated

hydrocarbons (23), have been detected
in algae. Fatty acids and volatile com-
pounds in the hexane and ethyl acetate
extracts of the algae were therefore
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analyzed using GC-MS techniques be-
cause they indicated medication action.
This finding suggests that long-chain
hydrocarbons might be a pharmaco-
logical substance that could be used in
pharmaceuticals. Seaweeds’ potential
antimicrobial properties are promising,
and the fact that they are cultivable is
a boon to large the production process.
The antioxidant and anti-inflammatory
activities of Spirogyra aequinoctialis
are now under investigation, and re-
search into the mechanism by which its
natural components reduce infections
1s occurring. Our findings are consis-
tent with the findings of the previous-
ly published studies (24, 25).
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