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Abstract

Objectives: This study aimed to screen Thais savignyi whole body extracts for antibacterial activity against clinical isolates of some
human pathogenic bacteria and analyze its biochemical compounds, including carbohydrate, proteins, alkaloids, cholesterol, un-
saturated fatty acids, as well as functional groups and elements.
Methods: Well agar diffusion was used for screening of acetone and methanol extracts against clinical isolates of E. coli, Klebsiella
pneumoniae,Pseudomonasaeruginosa,Bacillus cereus, andStaphylococcusaureus. Biuret and SDS-PAGE methods were applied for quan-
titative and qualitative protein evaluation. Anthrone method was used for quantitative and qualitative analysis of carbohydrates.
Wagner and Mayer’s reagents were employed for alkaloid screening. The Liebermann-Burchard test was performed for the detection
of cholesterol, infrared for identifying functional groups, and Dumas method for elemental analysis.
Results: Acetone and methanol crude extracts at 0.2 mg/mL concentration inhibited the growth of all the test bacteria; however,
the methanol extract was more effective than the acetone extract. The maximum zone of inhibition of the methanol extract was ob-
served againstB. cereus (16 mm). Minimal inhibitory concentration of the most effective fraction ranged between 12.5 and 100µg/mL.
Elemental analysis of the bioactive fraction showed 41.55% carbon, 9.49% hydrogen, 6.13% nitrogen, and 1.64% sulfur. IR spectra con-
firmed the presence of aliphatic, alkenes, secondary amines, and disulfide groups in the most effective fraction of methanol extract
of Thais savignyi. Carbohydrate and protein analysis revealed 4.5% carbohydrate and 9% protein. SDS-PAGE disclosed 5 separate
bands with 70, 53, 41, 30, and 22 kilodaltons. Wagner and Mayer test showed the presence of alkaloids; mercuric and iodine solu-
tions indicated the presence of unsaturated fatty acids; cholesterol was detected by Liebermann-Burchard reaction and Salkowski
test.
Conclusions: The findings of this study suggest that Thais savignyi has antibacterial potential and can be recommended as a source
of bioactive compounds of medicinal value.

Keywords: Agar Diffusion, Antibacterial Activity, Bioautography, Gastropod, Biochemical Analysis, Persian Gulf, Thais savignyi

1. Background

The rise of antimicrobial resistance toward different
conventional antibiotics has been documented. Over the
past four decades, scientists around the world have been
intrigued with the search for new antimicrobial agents
of natural origin (1-4). Various environments including
marine resources have been investigated (5). The ma-
rine environment comprises a complex ecosystem with
a plethora of organisms, many of which are known to
possess bioactive compounds as a common means of de-
fense. The marine natural products have been investigated
predominantly for their antimicrobial, cytotoxic, antitu-
mor, and anti-inflammatory properties (6). The first at-
tempt to locate antimicrobial activity in marine organisms

was initiated around 1950’s (7). Since then, large num-
bers of marine organisms from a wide range of phyla have
been screened for antimicrobial activity (8). Numerous
metabolites from marine organisms have been extracted
and tested for a variety of ailments. New bioactive com-
pounds from marine sources are estimated to be 10,000
(9).

Gastropods, more commonly known as snails and
slugs, are a large taxonomic class within the phylum Mol-
lusca. The class Gastropoda has an extraordinary diver-
sification of habitats. They have the greatest numbers
of named mollusc species. However, estimate of the to-
tal number of gastropod species varies widely, depending
on cited sources (10-12). Some of the more familiar and
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better-known gastropods are terrestrial gastropods (the
land snails and slugs), while some others live in freshwater.
However, more than two thirds of all named species live in
marine environments. Gastropods have a worldwide dis-
tribution from the near Arctic and Antarctic zones to the
tropics (11).

The most frequent species in Bushehr province, Iran,
are Planaxis sulcatus, followed by Thais savignyi, Turitella ful-
toni, and Thaismutabilis (10). Thais savignyi is a marine snail
from the Gastropods mollusc in the family Muricidae. It
has been documented in literature that Gastropods pos-
sess potent antimicrobial activity (13). However, bioactiv-
ity potential of Thais savigni has not been thoroughly ex-
ploited and data on this marine organism are very scanty.
Due to the scarcity of data and regarding the current global
problem of antimicrobial resistance, and in light of the
bioactive potential possessed by marine organisms in the
Persian Gulf area, this study was undertaken to screen and
characterize methanol and acetone extracts of Thais Sav-
ignyi from Bushehr province in the Persian Gulf against
some selected human pathogenic bacteria.

2. Methods

2.1. Collection of Samples

The gastropod Thais savignyi from the intertidal zone
of the Persian Gulf, Bushehr province, were sampled by
hand packing (14) during February and October 2014 and
authenticated by Dr. Sayed Mohammad Bagher Nabavi
(Khoramshahr Marine Science and Technology University).
Freshly collected samples were cleaned and washed with
seawater to remove impurities; then they were transferred
to the laboratory. Upon arrival to the laboratory, they were
rinsed with sterile water and stored at -4°C until use.

2.2. Extraction of Samples

Samples were dried at room temperature. 200-gram
portions were extracted separately by addition of 200 mL
of acetone and methanol, in sequence. After maceration
with continuous shaking for 72 hours, the samples were fil-
tered through Whatman filter paper (No. 1). The solvent
was concentrated under reduced pressure to give the re-
spective extracts of acetone (1.56 g) and methanol (1.45 g)
(15, 16).

2.3. Test Microorganisms

A total of 5 clinical isolates including E. coli, Kleb-
siella pneumoniae, Pseudomonas aeruginosa, Bacillus cereus,
and Staphylococcus aureus were obtained on nutrient agar
slants from Golestan University hospital in Ahvaz. Initially,
all the test bacteria were streaked on nutrient plates for

assurance of purity. Then, each bacterial strain was con-
firmed by biochemical tests (17).

2.4. Bioassay of Crude Extracts

A single isolated colony of an overnight growth at 37
± 2°C for each bacterial strain was inoculated into brain
heart infusion broth and incubated at 37 ± 2°C for 4 - 6
hours until the inoculums turbidity reached 1 ≥ 0.1 OD at
620 nm or 0.5 McFarland standard. Antimicrobial activ-
ity of methanol and acetone extracts of Thais savignyi was
evaluated by the well agar diffusion method (18). Wells of 7
mm in diameter were made on nutrient agar palates; each
plate was seeded with 100µL pre-adjusted inocula of differ-
ent bacteria. Using a micropipette, 100 and 200 µL of each
0.2 g/mL crude extract were introduced into each well. The
plates were kept inside the refrigerator at 4°C for one hour
to allow pre-diffusion of the extract into the medium. All
plates were carried out in triplicates and control experi-
ments were also set up by adding different solvents. The
plates were incubated at 37°C for 24 hours. The antibacte-
rial activity of the extracts was expressed as the diameter
of the inhibition zones (in mm) which appeared on the in-
cubated plates. The plates were kept for one week at room
temperature to observe the overgrowth in the zone diam-
eter (19).

2.5. Fractionation

The crude methanol extract exhibited higher effective-
ness against all the test bacteria. A portion of the methanol
extract (1.5 g) was chromatographed on a silica gel column
and eluted with a mixture of n-Hexane/Ethyl acetate with
increasing polarity (14), yielding 205 fractions of 10 mL
each. The fractions were monitored by TLC and combined
according to their similarities. Fractions 1 to 27 were com-
bined, yielding 0.14 mg, while fractions 28 to 43, 44 to 62,
63 to 74, 111 to 129, and 130 to 137 yielded 0.2, 0.3, 0.18, 0.16,
and 0.12 mg, respectively.

2.6. Bioautography Screening of Fractions

Antimicrobial activity of the effective fraction was
demonstrated and confirmed by bioautography (20). Agar
overlay was adopted for evaluation of the active fraction.
TLC plates were aseptically placed in sterile Petri plates;
pre-seeded nutrient agar was poured over the TLC plates
and allowed to solidify, then incubated overnight at 37°C.
Following incubation period, the plates were sprayed with
MTT (0.8 mg/mL) growth indicator and re-incubated at
37°C for additional 4 hours, then examined for the zone of
inhibition.
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2.7. Determination of Minimal Inhibitory Concentration (MIC)

MIC of the effective fraction was determined accord-
ing to the Eloff method (21). A sterile 96-well microtiter-
plate was used. A solution containing 50 mg/mL of the
effective fraction was prepared. Each well was filled with
100 µL Mueller Hinton Broth (MHB). The test sample (100
µL) was added to the first well, mixed thoroughly and se-
rial two- fold dilutions were made to the desired minimum
concentration. Overnight cultures of bacterial suspension
(50µL/well) measuring 0.5 on the McFarland Standard tur-
bidity were added to each well. The plates were incubated
at 37°C overnight. A drop of P-nitrotetrazolium chloride
solution was added to each well and the plates were incu-
bated for additional 2 hours. The MIC was determined as
the lowest sample concentration developing no red color
(indicating bacterial growth).

2.8. Biochemical Characterization

The most effective bioactive fraction of Thais savignyi
was subjected to qualitative and quantitative analyses.
Quantitative estimation of biomolecules was followed us-
ing standard methodologies for the estimation of carbo-
hydrates (anthrone reagent method) (22), proteins (Biuret
method) (23), and elements (Dumas method) (24).

2.9. Estimation of Total Carbohydrates

For the estimation of carbohydrates (25), 0.5 mL (0.01
mg/mL) of leakage solution was taken and 4 mL of freshly
prepared anthrone (150 mg of pure anthrone + 100 mL of
sulfuric acid 72%) was added. Then, it was placed in boil-
ing water bath for 10 minutes. Thereafter, the samples were
cooled and absorption was read at 625 nm with a spec-
trophotometer. To establish a standard curve, pure glucose
solutions at concentrations of 0.008, 0.01, 0.02, 0.04, 0.1,
and 0.2 mg/mL were prepared.

2.10. Estimation of Proteins

Protein molecular size of the bioactive fraction was
estimated by sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) (26). In this experiment, resolv-
ing gel 12% and staking gel 5% were used. Effective fraction
of methanol extract (10 mg) was dissolved in 100 Landa
phosphate buffered saline. 10 Landa lysis buffer was added
to one-third of its volume, sonicated and centrifuged in a
refrigerated centrifuge at 1500 rpm for 30 minutes. The
supernatant (40 µL) was mixed with 10 µL of buffer and
placed at 97ºC for 5 minutes, then mixed with spin quick
for one minute. Then, 50 µL of the sample and 10 µL of 9-
235 KDa Lader were run over gel and an electrical current
of 130 volts was established for 2 hours. At the end of the
experiment, the gel was exposed with comasis blue.

2.11. Elemental Analysis

Sample was burned with pure oxygen; gases from the
burning materials automatically were measured by means
of a device. Carbon, hydrogen, nitrogen, and sulfur ele-
ments in the sample were detected (24).

Qualitative analysis of the most bioactive fraction
of Thais savignyi included: functional groups determina-
tion (FTIR analysis); identification of alkaloids (Wagner
and Mayer’s test), cholesterol determination (Liebermann-
Burchard reaction and Salkowski test), and unsaturated
fatty acids (chloromercurric method).

2.12. Functional Group Determination

To determine the functional groups of most bioactive
fraction extract, a portion of the sample was freeze-dried,
ground to powder, mixed with potassium bromide, and
compressed as a disc. The disc was placed inside infrared
spectrometer and the results were recorded.

3. Results

3.1. Antibacterial Assay

Antibacterial potential of acetone and methanol ex-
tracts of Thais savignyi was evaluated against 5 clinical iso-
lates by the well agar diffusion method. The results are
summarized in Table 1. As shown in this the the highest
zone of inhibition was shown by 200 mg/mL methanol ex-
tract against B. cereus (16 mm).

The methanol extract was fractionated by column
chromatography and the bioactivity potential was con-
firmed by bioautography.

The MIC of the most effective fraction was determined
to be 25 µg/mL, 25 µg/mL, 50 µg/mL, 100 µg/mL, and 1.25
µg/mL for E. coli, S. aureus, K. pneumoniae, P. aeruginosa, and
B. cereus, respectively.

Biochemical Characterization
Carbohydrate and protein detection yielded 4.5% and

9% respectively in the most effective fraction of methanol
extract of Thais savigni. SDS-AGE disclosed 5 separate bands
with 70, 53, 41, 30, and 22 kilo Dalton (Figure 1).

Wagner and Mayer test showed the presence of alka-
loids; mercuric and iodine solutions indicated the pres-
ence of fatty acids; Liebermann-Burchard and Salkowski
tests revealed the existence of cholesterol.

Elemental analysis of the effective fraction revealed
41.55% carbon, 9.49% hydrogen, 6.13% nitrogen, and 1.64%
sulfur (Figure 2). The functional group of the IR spectrum
revealed that the fraction showing the most antibacterial
activity may be of aliphatic (2861 and 3014 cm-1), alkenes
(1628 cm-1), secondary amines (1045 and 3415 cm-1), and
disulfide (534 cm-1), as presented in Figure 3.
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Table 1. Diameters of Inhibition Zone (mm) Exhibited by Methanol and Acetone Thais Savigni Extract Against the Test Bacteria

Solvent Amount of Extract,
µL

Bacillus cereus Escherichia coli Staphylococcus
aureus

Klebsiella
pneumoniae

Pseudomonas
aeruginosa

Methanol
100 12 6 8 5 6

200 16 8 11 9 9

Acetone
100 10 5 6 5 6

200 15 6 6 6 7

Figure 1. SDS-PAGE Determination of Purified Proteins Molecular Size

4. Discussion

As the emergence of antimicrobial resistance and the
onset of adverse effects of synthetic antibiotics increase,
the search for antimicrobial agents of natural sources con-
tinues (27). Over the past few decades, efforts around the
world have been devoted to isolate and screen various ma-
rine organisms for various bioactive potentials toward dif-
ferent ailments including antimicrobial activity (28).

Marine organisms possess a wide range of bioactive
compounds as a means of defense mechanisms. Many ma-
rine molluscs have evolved chemical defense mechanisms
for their eggs and thus produce secondary metabolites
which possess antimicrobial activities (29). They are con-
sidered as important natural sources to derive many valu-
able compounds that exhibit various bioactivities includ-

ing antimicrobial effectiveness (30).

Thais savignyi is a Gastropod that has been located
and identified in the seaside of Bushehr; however, despite
its abundance in the Persian Gulf (18), its bioactivity has
not been thoroughly explored. In this investigation, Thais
savignyi was screened for antimicrobial activity against
5 species of common human pathogenic bacteria, using
methanol and acetone as bioactive compounds extractor
solvents.

Overall, our results showed that both methanol and
acetone extracts at applied concentrations (100 and 200
µL) inhibited the growth of all the 5 test bacteria. How-
ever, the highest effect was observed by the methanol ex-
tract (200 µL) against Bacillus cereus; thus it was selected
for more detailed study. In addition, the results obtained
from the current study were compared with different con-
ventional commercially used antibiotics that showed that
gentamycin inhibited the growth of E. coli, B. cereus, and
P. aeruginosa with zone inhibitions of 9, 10, and 12 mm,
respectively. Ciprofloxacin showed a significant effective-
ness (15 mm inhibition zone) against E. coli only.

Although a high number of investigations have been
performed on a vast variety of marine life, data on the
bioactivity of Thais savignyi are unavailable in literature.
However, similar studies have been conducted on different
marine organisms including Gastropods (12, 31-33).

Ramasamy et al. (33) screened antibacterial drugs from
different solvent extracts of tissue and egg of the marine
gastropods Chicoreus ramosus against different clinical iso-
lates of human pathogenic bacteria for their activity. They
reported that the acetone and chloroform of the tissue and
egg inhibited the growth of the test bacteria.

Similarly, Sugesh et al. (12) studied the antibacterial ac-
tivity of ethanol, methanol, and aqueous extracts of the
marine Gastropod Hemifusus Pugilinus against 10 human
pathogenic bacteria. In their investigation, they observed
the highest activity for ethanol extract toward all the test
bacteria followed by methanol and aqueous extracts.

Diane (31) performed a similar study on the antimi-
crobial potential of gastropods against human pathogenic
bacteria employing solvents with different polarities and
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Figure 2. Elemental Analysis of Most Effective Fraction of Thais Savigni Methanol Extract
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Figure 3. FTIR Spectrum of Most Effective Fraction of Thais Savigni Methanol Extract

reported results confirming the findings of other investi-
gators.

In their study, Ramasamy et al. (33) reported the max-
imum zone of inhibition from acetone extract against S.
paratyphi A, which is a Gram-negative bacterium.

On the contrary, in our study, we observed weak to
moderate activity by the acetone extract against all the test
bacteria used in the study. Nonetheless, more pronounced
activity was exhibited by the methanol extract against B.
cereus which is a Gram-positive bacterium with MICs rang-
ing between 25 µg/mL and 1.25 µg/mL.

Although various species of Gastropods have been in-

vestigated for their antimicrobial functionalities by differ-
ent experimental methods and different solvents, they re-
vealed similar results with varying degrees of antimicro-
bial potential.

In our study, the higher activity of methanol extract
may be due to the greater solubility of the extract in this
solvent. In other words, it can be stated that methanol is
a suitable solvent for the bioactive compounds present in
Thais savignyi. These results encourage the idea that ma-
rine Gastropods are potent sources for antibacterial drug
development.

Even though data on the bioactivity of Thais savignyiare
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very limited, this marine animal, due to its availability (10)
and medicinal utility, can be considered as candidate for
studying novel marine compounds for drug discovery in
the Persian Gulf.

The present study indicated that the Thais savignyi
methanol extract contains compounds with antibacterial
activity. However, further investigations involving isola-
tion, purification, and identification of the active com-
pounds and possible mode of action as drugs for humans
are needed. In this regard, preliminary step done in the
present study was fractionation of crude bioactive extract,
by column chromatography. Bioautography showed that
the 3rd and 4th fractions from 6 fractions prepared and
identified by TLC from methanol extract have more impact
on the bacteria.

Peptides, nitrogenous compounds, monosaccharides,
fatty acids, polypeptides, and sterols have been identified
and characterized in antibacterial extracts of marine gas-
tropods in similar studies (34).

Carbohydrates are the human body key sources of en-
ergy (35). It was found that the amount of carbohydrate in
the sample was 4.5%.

Proteins act as enzymes, hormones, and antibodies
and are responsible for the formation of bones, teeth, hair,
and the outer layer of skin; they also help maintain the
structure of blood vessels and other tissues (36). Based on
our results, the amount of protein in the sample was 9%.
SDS-PAGE showed 5 bands weighing 71, 53, 41, 30, and 22
kDa, which denotes five types of proteins.

Alkaloids are naturally occurring chemical com-
pounds containing basic nitrogen atoms. They often have
pharmacological effects and are used as medications and
recreational drugs. Alkaloids, unsaturated fatty acids,
and cholesterol identified in the effective fractions of
methanol extract of Thais savigni could be responsible for
its antibacterial activity (37).

In biological molecules, functional groups play an im-
portant role in the formation of such molecules as pro-
teins and carbohydrates. Aldehydes and ketones are ac-
tive groups in carbohydrates. Monosaccharides contain
free aldehyde or ketone groups. Some disaccharides have
free aldehyde groups (maltose) and some do not have the
free ones (sucrose). Infrared spectrum of the most effec-
tive fraction of methanol extract showed the presence of
aliphatic, alkenes, secondary amines, and disulfide. Carbo-
hydrates were composed of only three atoms: carbon, hy-
drogen, and oxygen, as confirmed by elemental analysis in
the present study.

4.1. Conclusion

Data obtained from the present study indicated that
the acetone and methanol extracts of Thais savignyi inhib-

ited the growth of Gram positive and Gram negative bac-
teria in vitro. Moreover, the present study conclusively
demonstrates that Thais savignyi is a good source of various
biochemical compounds like alkaloids, proteins, carbohy-
drates, Cholesterol, and fatty acids. Thus, this gastropod is
considered to be of value for future study to find medicinal
drugs as a sustainable natural source.

Footnote
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grant from Marine Pharmaceutical Science Research Cen-
ter, Jundishapur University of Medical Sciences, Ahvaz,
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