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The effect of solvent polarity on the antibacterial activity of Holothuria genus extracts

Introduction

The waters of seas and oceans contain a large number of organisms with various bioactive compounds, which can be
applied in various fields, including environmental sciences, biomedical research, and industrial applications. There is
significant ongoing effort to discover antibacterial and antifungal drugs from secondary metabolites, or bioactive
compounds, extracted from marine animals and plants. Under the umbrella of marine biotechnology, there is hope for
advancements in the production of new products from marine organisms (Rasyid et al., 2021). The biological
characteristics of echinoderms indicate that sea cucumbers contain the highest chemical compounds among this group
(Senadheera et al., 2020). Sea cucumbers are of great importance for biomedical studies and the production of
bioactive compounds. These organisms are a potential source of high-value-added compounds with therapeutic
properties (Pangestuti and Arifin, 2018; Xu et al., 2018). One of the most important families of sea cucumbers is the
Holothuriidae family, which consists of five genera, among which the genus Holothuria is the most dominant (Hal et
al., 2020; Utzeri et al., 2020). Despite the Persian Gulf and the Sea of Oman having a suitable diversity of various sea
cucumber species, there have been fewer studies on the biomedical potential of these species and the production of
bioactive compounds. Therefore, the study of the medicinal applications of natural compounds extracted from these
organisms is of significant practical importance. The aim of the present study is to investigate the antibacterial
properties of hexane, methanol, and diethyl ether extracts of the genus Holothuria and to compare them with
commercial antibiotics.

Methodology

A total of 45 sea cucumber specimens with an average weight of 275 g each were caught from a depth of 5 to 10 m
off Qeshm Island and transferred to the Laboratory. The specimens were identified to the genus level based on
morphological examination and the condition of the spicules (Purcell et al., 2012). The bacteria used in the present
study included Bacillus subtilis (gram-positive), Staphylococcus aureuss (gram-positive), Pseudomonas aeruginosa
(gram-negative) and Escherichia coli (gram-negative). To determine the minimum inhibitory concentration (MIC) of
the n-hexane, methanol and diethyl ether extracts, sterile test tubes were used in triplicate. Each tube contained one
milliliter of nutrient broth culture medium with the specified concentration of the extract and one milliliter of the
prepared bacterial stock which was diluted using liquid culture medium to obtain a bacterial count of 1.5%106 in the
stock. The antibiotic amoxicillin was used as a positive control with similar concentrations of the extract. For the
negative control, no extract was added to one of the tubes. All tubes were placed in an incubator at 37°C for 24 hours
and their turbidity was checked. The concentration of the consumables in the tubes without turbidity confirms the
MIC level. To determine the minimum bactericidal concentration (MBC), 0.1 ml of the tubes in which no turbidity
was observed were streaked onto solid culture plates (nutrient agar) to measure the ability of the n-hexane, methanolic
and diethyl ether extracts to kill bacteria. The plates were then placed in incubator and the colonies formed were
counted (Rozenblat, 1991).

Results

The hexane extract of Holothuria sp. inhibits the growth of Gram-negative bacteria E. coli at a minimum concentration
of 1000 pg/mL and Gram-positive bacteria B. cereus and S. aureus at a concentration of 300 pg/mL. The hexane
extract has a bactericidal effect on Gram-negative bacteria E. coli and on Gram-positive bacteria B. subtiliss and S.
aureus. The diethyl ether extract did not have an inhibitory effect on gram-negative bacteria in the concentration range
used. This extract inhibited the growth of the gram-positive bacterium B. subtiliss at a minimum concentration of 300
pg/ml and the gram-positive bacterium S. aureus at a minimum concentration of 500 pg/ml. The diethyl ether extract
at a concentration of 1000 pg/ml caused a bactericidal effect on B. subtiliss and S. aureus. The methanol extract did
not show a bacteriostatic effect on the gram-negative bacteria E. coli and P. aeruginosa, and inhibited the growth of
the gram-positive bacteria B. subtiliss and S. aureus at a concentration of 2000 pg/ml. The methanol extract of
Holothuria sp. did not show a bactericidal effect on B. subtiliss and S. aureus. Amoxicillin showed growth inhibitory
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effects on all the bacteria studied. The minimum inhibitory concentration was obtained on E. coli and P. aeroginosa
at a concentration of 500, on B. subtilis at a concentration of 10, and on S. aureus at a concentration of 50 pg/ml.

Discussion and conclusion

The results of the present study showed that, in comparison with the difference in the type of solvent and consequently
the polarity of the extracted secondary metabolites, the n-hexane extract generally had the best antibacterial activity
against the bacterial strains used. The reason for the higher activity of the n-hexane extract compared to the diethyl
ether and methanol extracts can probably be attributed to the difference in the type of bioactive compounds extracted
with these solvents. Since n-hexane is a nonpolar solvent, it is expected that the extraction process with this solvent
will lead to the extraction of completely nonpolar compounds and probably most of the pigments, while extraction
with diethyl ether separates the nonpolar compounds to the semipolar side and then methanol extracts almost all the
remaining polar compounds. Therefore, the high activity of the n-hexane extracts means that the nonpolar compounds
present in sea cucumber, which are mainly suitable solvents for extraction of nonpolar solvents such as n-hexane, have
high antibacterial activity. The methanol extract of sea cucumber had a weaker growth inhibitory effect compared to
the n-hexane and diethyl ether extracts, such that it did not show an antibacterial effect on the gram-negative bacteria
E. coli and P. aeroginosa at any of the concentrations used, and it also showed an inhibitory effect on the gram-positive
bacteria B. subtiliss and S. aureus at the highest concentration. Also, this extract did not show a lethal effect on any
of the gram-negative and gram-positive bacteria. Due to its polarity, methanol extracts a wide range of compounds
present in the body of sea cucumber, which may contain impurities and therefore show low biological activity, so the
antimicrobial effects of these compounds after purification can be studied more and more accurately. In conclusion,
the results indicate that the n-hexane (non-polar) extract of sea cucumber body has greater antimicrobial properties
compared to diethyl ether (semipolar) and methanol (polar) extracts, and that gram-negative bacteria, especially P.
aeruginosa, are more resistant to the extract than gram-positive bacteria. Research on the antimicrobial activities of
sea cucumber extract from Qeshm Island and other studies on sea cucumbers in other regions of the Persian Gulf and
the world indicate that the natural bioactive compounds present in the extracted extract have antibacterial effects and
activities and can be potential candidates for the synthesis of biological antibiotics and other pharmaceutical
compounds.
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