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Abstract
Due to numerous reasons, marine-obtained resources have attracted the interest of
researchers. One of the subjects attracted the interest of researchers in recent years in the
field of biologist marine algae due to their nutritional value, their benefits for health and
their biological activities. In this study, the powder was extracted using acetone, then the
extract purified by silica gel column chromatography with n-hexane and ethyl acetate
combination to isolate the steroid compounds. Isolated compound was run through TLC
and sprayed with vanillin-sulphuric acid reagent to detect the steroid compounds and
profile of isolated compounds obtained by gas chromatography (GC). Antibacterial activity
of steroids extracted of green algae Ulva fasciata from Qeshm Island in the Persian Gulf
were assessed (in vitro). The antibacterial activity of the fractions was determined by Broth
Dilution Methods against clinical Gram-negative bacteria: Escherichia coli, Pseudomonas
aeruginosa, Salmonella. typhi and Gram-positive bacteria: Staphylococcus aureus, Bacillus
subtilis, Bacillus cereus. The steroids; cholest-7-en-3ol and cholestan-3-one, cyclic 1, 2ethanediyl acetal compounds in column fraction were identified by GC. The results showed
the minimum bactericidal concentration (MBC) of the cholest-7-en-3ol and cholestan-3one, cyclic 1,2-ethanediyl acetal for S. aureus and Bacillus cereus were 500 μg mL-1, the
MBC of the cholest-7-en-3ol for B. subtilis was 500 μg mL-1 and 1000 μg mL-1 detected for
cholestan-3-one, cyclic 1,2-ethanediyl acetal. The compounds had neither antibacterial
activity on gram negative bacteria. Based on our results, extracted steroids from U. fasciata
can be considered as a source of novel antibiotics.
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Introduction
Marine organisms are potential sources
of bioactive secondary metabolites for
use
in
development
of
new
pharmaceutical agents (Abedin and
Taha, 2008; EL-Gamal, 2010) and
many of these substances have been
demonstrated to possess interesting
biological activities (Faulkner, 2002;
Abdel-Raouf et al., 2008). Marine algae
have been reported to produce a wide
variety
of
bioactive
secondary
metabolites as antibacterial, and
cytotoxic agents and the bioactive
substances
included
alkaloids,
polyketides,
polysaccharide,
phlorotannins, triterpenoids, sterols,
Quinone’s, lipids and glycerol (Cabrita
et al., 2010).
Secondary metabolites derivatives of
algae offer as a potentially useful
source of natural antibacterial agents
for food and medical applications.
Algae contain various inorganic and
organic substances which have benefit
for human. Antibacterial activity of
algae extracts is generally assayed
using various organic solvents which
always provide a higher efficacy in
extracting compounds for antimicrobial
activity (Cordeiro et al., 2006; Tüney et
al, 2006). Isolation of the natural
compounds from algal could produce
useful therapeutics, the harnessing and
bioengineering
of
recently
characterized allelochemicals represents
a potential area of new marine
antibacterial (Saritha et al., 2013).
Ulva species are the most abundant
algae in coastal benthic communities

around the world, Ulvacean are
considered bio indicators species with
increased importance in coastal
ecosystem management, mainly related
to green tides associated with
eutrophication processes in shallow
environments
(Wichard,
2015).
Exploring bacteria induced growth and
morphogenesis in the green macro
algae in order Ulvaes (Chlorophyta)
(Basham et al., 2014). Ulva fasciata is
one of the most common green algae
and accrues almost every season
(Makaremi et al., 2011) also known as
sea lettuce and is a common algae used
in parts of the world for consumption.
Due to the increased resistance to
antibiotics, the study of new antibiotic
is very important from the perspective
of medical treatment (Daneshvar et al.,
2017). Many authors had found
antimicrobial activities of macroalgae
due to fatty acids contents (Daneshvar
et al., 2017). Antimicrobial activity
depends on both algal species and
solvents used for their extraction
(Prakash et al., 2011; Radika et al.,
2012). Various algae have shown to
have antibacterial activity in vitro
against gram positive and gram
negative bacteria (Ostensvik et al.,
1998).
Due to the antimicrobial activity of
steroids, this study investigates the
isolation and identification of bioactive
steroids and antibacterial activities of
isolated compounds of U. fasciata
from the Qeshm Island in the Persian
Gulf.
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Materials and methods
Sampling and identification
Ulva fasciata has been collected in
February 2018 from the areas of
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Shibderaz in Qeshm Island in the
Persian
Gulf
(Fig.
1).
After
identification of species, the samples
were dried in the shadow.

Figure 1: Geographical situation of sampling location in Qeshm Island.

Extraction
The powder of dried Ulva fasciata (100
g dry weight) was extracted with
acetone solvent. After 72 hours of
soaking in acetone, the solvent filtered
and acetone evaporated to dryness, at
low pressure at 30-35°C by using Rota
vapor (Çitoğlu and Acıkara, 2012).
Isolation and identification of steroid
compounds
Silica gel column chromatography with
70 cm height and 2 cm diameter used
for purification of Ulva fasciata acetone
extract (3/2 g). The packed column
washed up by different combination
(100:0, 90:10, 80:20, 70:30, 60:40,
50:50, 40:60, 30:70, 20:80, 10:90,
0:100) of hexane: ethyl acetate solvent
and all fractions were collected in 10 ml

tube (108 fractions) (Çitoğlu and
Acıkara, 2012).
Obtained
fractions
from
the
chromatography
columns
were
performed
by
thin
layer
chromatography with a mobile phase
including methanol-chloroform- n
butanol solvents with a ratio of
70:20:10. To identify the steroid
compounds, vanillin-sulphuric acid
reagent was used as a 1% solution of
vanillin in ethanol and 5% sulphuric
acid solution in ethanol by spraying on
a thin-layer chromatography plate.
After
spraying,
thin-layer
chromatography plates were placed in
the oven at 110°C for 10 minutes;
changes in visible light were observed;
the portions of the steroids were
changed to blue color (Attaway et al.,
1965). The gas chromatography-mass
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spectrometry (GC-MS) spectrum was
taken on GC-MS (Agilent7000 Series
Triple Quad GC/MS MainFrame). The
column part number 19091s-436 (60
m× 0.25 mm, film thickness 0.25 μm)
was used for GC-MS. Helium was used
as a carrier gas at a flow rate of 1.0 ml
min-1.; the electron ionization mode
with ionization energy of 70 eV was
used for MS detection, with a mass
range of 50–650 m z-1. The compound
was
recognized
using
standard
information in the Wiley 7.0 library
using its retention time and mass
fragmentation pattern.
Antibacterial assay
Antibacterial activity was determined
against Escherichia coli ATCC 15224,
Pseudomonas
aeruginosa
ATCC
27853, Salmonella typhi ATCC 1609,
Staphylococcus aureus ATCC 1764,
Bacillus cereus ATCC 11778 and
Bacillus subtilis PTCC 1715 by
performing the classic broth dilution
susceptibility test. The amount of
1.5×105 microorganisms in colony
forming units [CFU] ml-1, a 1:100
dilution of a suspension of turbidity
equal to a McFarland standard 0.5, was
added to an equal volume (1 ml) of
each concentration (5, 10, 20, 30, 50,
100, 200, 300, 400, 500, 1000, 2000 µg
ml-1) of steroid components agent and
to a tube of the growth control. After
overnight, the tubes were examined for
turbidity, indicating growth control of
the microorganism. The lowest
concentration of the agent that inhibits
growth of the organism, as detected by
lack of visual turbidity, was designated

as
the
minimum
inhibitory
concentration (MIC). Later, the MIC
has been determined; a known quantity
(0.1 ml) of inoculums from each tube of
broth that showed on visible turbidity
after 22 to 24 hours' incubation is
subculture to solid agar plates. The
number of colonies which grow up on
the
subculture
after
overnight
incubation is then counted and
compared to the number of CFU ml-1 in
the original inoculum. Since even
bacterial extracts do not always totally
sterilize a bacterial population, the
lowest concentration of antimicrobial
agent that allowed less than 0.1% of the
original inoculums to survive is
considered as the minimum bacterial
concentrate (MBC) (Rosenblatt, 1991).
Kruskal-Wallis test was used to
compare the mean concentration of
each extracted material as well as
tetracycline.
Results
Isolation of fractions containing
steroids
In column chromatography, the acetone
extract was packed and eluted with the
distinct solvent system. Based on the
TLC profile, 108 fractions have been
gathered from column chromatography.
The fractions C44 (Yield 121 mg) and
B33 (Yield 92 mg) that gave a positive
response for steroids by Vanillinsulphuric acid reagent were selected
and separated into eleven and ten sub
fractions, by silica gel. The fraction of
C44 E and C33F was subjected to TLC
for isolation of active principle. After
TLC run (Fig. 2), the band that gave a
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positive response for steroids producing
blue color with Aniline test, punched
and dissolved in acetone, filtered and
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brown crystals of compound were
obtained (2.3 mg) and then comparing
GC-MS with Wiley 7.0 library verified
the compound's identity.

Figure 2: Thin layer chromatography of acetone extracts of Ulva fasciata.

Identification of steroids compounds
The fractions C44E and C33 F that
gave a positive response for steroids by
Vanillin-sulphuric acid reagent selected
for GC–MS detection use. The cholest7-en-3ol with the chemical formula of

C27H46O (Fig. 3), molecular weight of
386.6535 g mol-1 belonging to the
steroids group identified with 92%
purity in fraction C44 E (ethyl acetatehexane 40: 60) at 32-34 min retention
time of gas chromatography.

Figure 3: GCMS analysis of cholest-7-en-3ol.
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The cholestan-3-one, cyclic 1,2ethanediyl acetal with the chemical
formula of C29H50O2 (Fig. 4), molecular
weight of 430.7 g mol-1 belonging to

the steroids group identified with 94%
purity in fraction C33 F (ethyl acetatehexane 30: 70) at 34-38 min retention
time of gas chromatography.

Figure 4: GCMS analysis of cholestan-3-one, cyclic 1, 2-ethanediyl acetal.

Antibacterial activities of fraction
containing steroid compounds
As indicated in Table 1, the minimum
inhibitory concentration of bacterial
growth (MIC) of cholest-7-en-3ol and
cholestan-3-one, cyclic 1, 2-ethanediyl
acetal for B. subtilis was 500 μg ml-1
and for E. coli equal to 1000 μg ml-1.
The MIC of cholest-7-en-3ol for S.

aureus and B. cereus were 300 and 500
μg ml-1, the MIC of cholestan-3-one,
cyclic 1, 2-ethanediyl acetal for S.
aureus and B. cereus were 200 and 300
μg ml-1. The cholest-7-en-3ol and
cholestan-3-one, cyclic 1, 2-ethanediyl
acetal compounds have not shown any
inhibitory effects on growth of S. typhi
and P. aeruginosa.

Table 1: Minimum inhibitory concentration of fraction containing steroid compounds from U.
fasciata.
Tetracycline
cholest-7-en-3ol
cholestan-3-one,
Bacteria
(µg ml-1)
concentration
cyclic 1,2-ethanediyl acetal
(µg ml-1)
concentration (µg ml-1)
100
500
500
Bacillus subtilis
100
300
200
Staphylococcus
aureus
100
500
300
Bacillus cereus
200
1000
1000
Escherichia coli

As shown in Table 2, the minimum
bactericidal concentration (MBC) of the
cholest-7-en-3ol and cholestan-3-one,
cyclic 1,2-ethanediyl acetal for S.
aureus and Bacillus cereus was 500 μg

ml-1, the MBC of the cholest-7-en-3ol
for B. subtilis was 500 μg ml-1 and 1000
μg ml-1 detected for cholestan-3-one,
cyclic 1,2-ethanediyl acetal.
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Table 2: Minimum bactericidal concentration (MBC) of fraction containing steroid compounds
extracted from U. fasciata.
Tetracycline
(µg ml-1)

cholest-7-en-3ol
concentration
(µg ml-1)

cholestan-3-one,
cyclic 1,2-ethanediyl acetal
concentration (µg ml-1)

Bacteria

200
200
200
200

500
500
500
-

1000
500
500
-

Bacillus subtilis
Staphylococcus aureus
Bacillus cereus
Escherichia coli

The results of Kruskal-Wallis test
showed that there was no significant
difference between the concentration of
extracts and tetracycline in inhibiting
the growth of each four strains
(p>0.05). Similar results were observed
(p>0.05) among these compounds in
their lethality, indicating that the
extracted compounds had a similar
effect to tetracycline on bacterial
growth and lethality.
Discussion
The marine secondary metabolites have
received considerable attention over the
last decades. There are large numbers
of marine natural products which have
been targeted by pharmaceutical
industry (Saberi et al., 2016). Due to
the increase of resistance to antibiotics,
the study on new antibacterial activities
of steroid derivatives is very important
for human health (Doğan et al., 2017;
Cheng et al., 2016). The aim of this
study was
to
investigate
the
antibacterial activities of the green
algae (U. fasciata) steroids; cholest-7en-3ol and cholestan-3-one, cyclic 1,2ethanediyl acetal.
In the present study, the cholest-7en-3ol and cholestan-3-one, cyclic 1, 2ethanediyl acetal, which are the steroid
compounds, extracted from U. fasciata

using acetone solvent (Veeranan et al.,
2018; Fasya et al., 2019). The sterol as
same as steroid compounds which is
found in our study has been identified
from green algae Ulva prolifera named
as cholest-5-en-3-ol (Wang et al.,
2016), 7-oxo-cholest-5(6)-en-3-ol from
red algae Jania rubens (Ahmed et al.,
2011), 3alpha, 6alpha-dihydroxy-5betacholestan-12-one
and
6βhydroxycholest-4-en-3-one from red
alga Laurencia papillosa (Alarif et al.,
2011).
In this study, the antibacterial
activities of cholest-7-en-3ol and
cholestan-3-one, cyclic 1, 2-ethanediyl
acetal has been examined. This research
determined that fractions containing
cholest-7-en-3ol and cholestan-3-one,
cyclic 1, 2-ethanediyl acetal compounds
extracted from U. Fasciata in a
concentration of 500-1000 μg ml-1 has
antimicrobial activity on gram-positive
bacteria of B. subtilis, S. aureus and B.
cereus and they have not shown any
inhibitory effects on growth of
antimicrobial activity on gram-negative
bacteria of S. typhi and P. aeruginosa.
In this case, Chandrasekaran et al.
(2014) reported that ethyl acetate
extract of U. fasciata shows strong
antibacterial activates; MIC (125 µg ml1
) and MBC (250 µg ml-1) against B.
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subtilis. Chloroform and ethyl acetate
fractions of U. lactuca have shown
antibacterial
activates
against
Staphylococcus aureus (1.6 µg ml-1)
and Enterococcus feacalis (0.2 µg ml-1)
(Habbu et al., 2016). In another study,
the fractions containing cholesterol
derivative, 24-propylidene cholest-5en-3β-ol extracted from red seaweed
Laurencia papillosa , showed the
minimum inhibitory concentration
ranged from 1.2 to 1.7 μg against
Staphylococcus
aureus,
Bacillus
subtilis and Escherichia coli (Kavita et
al., 2014).
The results of these studies are in
accordance with the studies on the
steroid compounds extracted from U.
fasciata of Qeshm Island which has
antimicrobial activities against grampositive bacteria. The study of the new
antibacterial of steroids; cholesterol
derivatives have the potential of being
used as antibacterial drugs. A steroid is
a biologically active organic compound
and they have two principal biological
functions:
cell
membranes and
signaling molecules. Since steroids
resemble cholesterol, it is thought that
they compete with this for the receptors
and it can also disrupt cell integrity and
permeability. It is thought that this is
the reason why steroids and cholesterol
derivatives can have antibacterial
activities (Doğan et al., 2017). Based on
our results, the steroids extracted from
green algae U. fasciata have shown a
relatively strong antibacterial activity
on gram positive bacteria and it could
be considered as a source of novel
antibiotic.

Acknowledgments
The authors take this opportunity to
thank the Iranian Fisheries Science
Research Institute. The project was
conducted at the Persian Gulf and
Oman Sea Ecological Research and
acknowledges all personnel of this
center.
References
Abedin, R.M. and Taha, H.M., 2008.
Antibacterial and antifungal activity
of
cyanobacteria
and
green
microalgae. Evaluation of medium
components by Plackett-Burman
design for antimicrobial activity of
Spirulina platensis. Global Journal
of
Biotechnology
and
Biochemistry, 3(1), 22-31
Ahmed, H.H., Hegazi, M.M., AbdAllac, H.I., Eskander, E.F. and
Ellithey, M.S., 2011. Antitumour
and antioxidant activity of some Red
Sea seaweeds in Ehrlich ascites
carcinoma in vivo. Zeitschrift für
Naturforschung C, 66(7-8), 367-376.
Alarif, W.M., Al-Lihaibi, S.S., AbdelLateff, A. and Ayyad, S.E.N., 2011.
New antifungal cholestane and
aldehyde derivatives from the red
alga Laurencia papillosa. Natural
Product
Communications, 6(12),
1934578X1100601208.
Allwood, D.A., Xiong, G., Cooke,
M.D., Faulkner, C.C., Atkinson,
D., Vernier, N. and Cowburn,
R.P.,
2002.
Submicrometer
ferromagnetic NOT gate and shift
register. Science, 296(5575), 20032006.

Downloaded from jifro.ir at 12:19 +0330 on Wednesday September 30th 2020

Iranian Journal of Fisheries Sciences 19(5) 2020

Al-Saif, S.S.A.L., Abdel-Raouf, N.,
El-Wazanani, H.A. and Aref, I.A.,
2014. Antibacterial substances from
marine algae isolated from Jeddah
coast
of
Red
sea,
Saudi
Arabia. Saudi Journal of Biological
Sciences, 21(1), 57-64.
Attaway, J.A., Barabas, L.J. and
Wolford, R.W., 1965. Analysis of
terpene hydrocarbons by thin layer
chromatography. Analytical
Chemistry, 37(10), 1289-1290.
Bassham, D.C. and Crespo, J.L.,
2014. Autophagy in plants and
algae. Frontiers
in
Plant
Science, 5, 679.
Cabrita, M.T., Vale, C. and Rauter,
A.P., 2010. Halogenated compounds
from
marine
algae. Marine
drugs, 8(8), 2301-2317.
Chandrasekaran, M., Venkatesalu,
V.,
Raj,
G.A.
and
Krishnamoorthy,
S.,
2014.
Antibacterial activity of Ulva
fasciata against multidrug resistant
bacterial
strains. International
Letters of Natural Sciences, 14 P.
Çitoğlu, G.S. and Acıkara, Ö.B.,
2012. Column chromatography for
terpenoids
and
flavonoids.
In'chromatography
and
its
applications'. InTech, Rijeka. pp.1349.
Cordeiro, R.A., Gomes, V.M.,
Carvalho, A.F.U. and Melo,
V.M.M., 2006. Effect of proteins
from the red seaweed Hypnea
musciformis (Wulfen) Lamouroux
on the growth of human pathogen
yeasts. Brazilian Archives of Biology
and Technology, 49(6), 915-921.

2392

Daneshvar, E., Vazirzadeh, A., Niazi,
A., Sillanpää, M. and Bhatnagar,
A., 2017. A comparative study of
methylene blue biosorption using
different modified brown, red and
green
macroalgae–Effect
of
pretreatment. Chemical Engineering
Journal, 307, 435-446.
Doğan, A., Otlu, S., Çelebi, Ö. Aksu,
P., Sağlam, A.G., Doğan, A.N.C.
and Mutlu, N., 2017. An
investigation of antibacterial effects
of steroids. Turkish Journal of
Veterinary
and
Animal
Sciences, 41(2), 302-305.
El Gamal, A.A., 2010. Biological
importance of marine algae. Saudi
Pharmaceutical Journal, 18(1), 125.
Fasya, A.G., Baderos, A., Madjid,
A.D.R., Amalia, S. and Megawati,
D.S., 2019. Isolation, identification
and
bioactivity
of
steroids
compounds
from
red
algae
Eucheuma cottonii petroleum ether
fraction.
In AIP
Conference
Proceedings. 2120(1), 030025. AIP
Publishing.
Habbu, P., Warad, V., Shastri, R.,
Savant, C., Madagundi, S. and
Kekare, P., 2016. In vitro and in
vivo antimicrobial activity of Ulva
lactuca
Linn.
(Green
algae)
associated endophytic bacterial
Strains. Journal
of
Applied
Pharmaceutical Science, 6(10), 138146.
Kavita, K., Singh, V.K. and Jha, B.,
2014. 24-Branched Δ5 sterols from
Laurencia papillosa red seaweed
with antibacterial activity against

Downloaded from jifro.ir at 12:19 +0330 on Wednesday September 30th 2020

2393 Azizi et al., Isolation and identification of antibacterial steroid compounds from Ulva fasciata in …

human
pathogenic
bacteria.
Microbiological Research, 169(4),
301-306.
Makaremi, M., Sabkara, J. and
Mirzajani, A., 2011. Investigation
on Nodularia anomalous algal
blooming (AAB) in south west
Caspian See (2005-2006).
art ne -Banderas, A.I., Aires, A.,
Quintanilla, M., Holguin-Lerma,
J.A., Lozano-Pedraza, C., Teran,
F.J., Moreno, J.A., Perez, J.E.,
Ooi, B.S., Ravasi, T. and
Merzaban, J.S., 2019. Iron-based
core–shell
nanowires
for
combinatorial drug delivery and
photothermal
and
magnetic
therapy. ACS Applied Materials and
Interfaces, 11(47), 43976- 988.
Ostensvik, O., Skulberg, O.M.,
Underdal, B. and Hormazabal, V.,
1998. Antibacterial properties of
extracts from selected planktonic
freshwater
cyanobacteria--a
comparative study of bacterial
bioassays. Journal
of
Applied
Microbiology, 84(6), 1117-1124.
Radhika, D., Veerabahu, C. and
Priya, R., 2012. Antibacterial
activity of some selected seaweeds
from the Gulf of Mannar Coast,
South India. Asian Journal of
Pharmaceutical
and
Clinical
Research, 5(4), 89-90.
Saberi, A., Zorriehzahra, M.J.,
Emadi, H., Kakoolaki, S. and
Fatemi, S.M.R., 2017. Effects of
Chlorella vulgaris on blood and
immunological
parameters
of
Caspian Sea salmon (Salmo trutta
caspius) fry exposed to Viral

Nervous
Necrosis
(VNN)
virus. Iranian Journal of Fisheries
Scinces, 16(2), 494-510.
Saritha, K., Mani, A.E., Priyalaxmi,
M. and Patterson, J., 2013.
Antibacterial
activity
and
biochemical constituents of seaweed
Ulva lactuca. Global Journal of
Pharmacology, 7(3), 276-282.
Tüney, İ., Cadirci, B.H., Ünal, D. and
Sukatar, A., 2006. Antimicrobial
activities of the extracts of marine
algae from the coast of Urla (Izmir,
Turkey). Turkish
Journal
of
Biology, 30(3), 171-175.
Veeranan, T., Kasirajaan, R.,
Gurunathan, B. and Sahadevan,
R., 2018. A novel approach for
extraction of algal oil from marine
macroalgae
Ulva
fasciata.
Renewable Energy, 127, 64-73.
Wang, Q., Wang, Z., Awasthi, M.K.,
Jiang, Y., Li, R., Ren, X., Zhao, J.,
Shen, F., Wang, M. and Zhang, Z.,
2016. Evaluation of medical stone
amendment for the reduction of
nitrogen loss and bioavailability of
heavy metals during pig manure
composting. Bioresource Technology,
220, 297-304.
Wichard, T., Charrier, B., Mineur,
F., Bothwell, J.H., Clerck, O.D.
and Coates, J.C., 2015. The green
seaweed Ulva: a model system to
study morphogenesis. Frontiers in
Plant Science, 6, 72.
Zhang, J., Ding, Y., Shen, S., Cheng,
Y., Sun, M., Luan, H. and Liu, Y.,
2017. Thumt: An open source toolkit
for.
neural
machine
translation. arXiv
preprint
arXiv:1706.06415.

