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Abstract. Amphora sp. is a type of potential microalgae that has a considerably high content of lipid.
The current experiment was carried out for the extraction and identification of Amphora sp. fatty acids,
using n-hexane and petroleum ether as solvents, before studying their pharmacological properties, in
silico. The results showed that petroleum ether gives a better yield of 3.58%, compared to n-Hexane
(2.74%). The GCMS analysis of the sample extracted using petroleum ether shows six peaks
corresponding to 6-Dodecanone; Methyl (E)-octadec-11-enoate; Methyl 15-methylhexadecanoate; 2,5-
Dimethylcyclohexanol; 2,3-Dimethyl-undec-1-en-3-ol and 3,6,6-Trimethyl-2-norpinanol. Meanwhile, the
sample extracted using n-hexane only shows two fatty acid compounds, i.e.: 2,3-Dimethyl-undec-1-en-
3-ol and 3,6,6-Trimethyl-2-norpinanol. The absorption, distribution, metabolism, excretion and toxicity
(ADMET) analysis showed that fatty acid compounds contained in Amphora sp. have potential as drug
ingredients, based on the Lipinski's rule of five and on their pharmacokinetic properties. Biological
activity based on the prediction of activity spectra for substances (PASS) shows that fatty acids
contained in Amphora sp. have a considerably good activity as antivirals with a probability activity (Pa)
value of 0.592-0.723, but also have several other activities, such as anti-inflammatory, antibacterial,
antifungal, antineoplastic, and antioxidant. These results indicate that petroleum ether solvent is more
effective than n-Hexane to extract fatty acids in Amphora sp., with a high potential as natural antiviral
agents, in silico.
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Introduction. Microalgae Amphora sp. is one of the Bacillariophyceae whose potential
utilization is rarely studied (Yi et al 2017). Bacillariophyceae has a key role in recycling
carbon and silica in marine waters. The main carbon storage compounds in diatoms are
lipids, among which triacylglycerides (TAG) and fatty acids ranging from 15 to 25% of the
dry biomass (Mangas-sanchez & Adlercreutz 2015). So far, the use of Amphora sp. is
limited as a natural feed for fish and shrimp (Brown 2002; Viera et al 2005). According to
Chtourou et al (2015), Amphora sp. has a crude fat content of 140 mg g* dry weight.
Wiyarno et al (2011) revealed that microalgae lipids are composed of neutral lipids
(triglycerides, wax esters, hydrocarbons, free fatty acids, and sterols) and polar lipids
(phospholipids, glycolipids, and carotenoids) which have various important biological
functions.

Fatty acids have a vital role for human, namely as nutrient content, energy
source, secondary metabolites, and signalling molecules that are directly or indirectly
involved in physiological processes. According to Proschak et al (2017), besides being an
energy source, fatty acids have an important biological role as signalling molecules that
regulate various physiological effects in metabolism and inflammation.
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The biological role of the extract is determined by the composition of the active
compound produced in the extraction process. One of the key factors in the extraction
process is the organic solvent selection. The solvent used in the extraction process will
affect the composition of the fatty acids from microalgae. Habibi et al (2010) revealed
that n-hexane and petroleum ether are the common solvent in the extraction of
microalgae. This study provides a comparative analysis of the effectiveness of n-hexane
and petroleum ether as the solvents used in extracting Amphora sp. This article also
discusses the in silico analysis of Amphora sp. potential for supplying pharmacological
components, with ADMET and PASS.

Material and Method

Amphora sp. Diatom Amphora sp. (GenBank: MN592659.1) was obtained from a culture
in the BPBAP Situbondo natural feed laboratory. Methods and nutrients used for the
culture of Amphora sp. follow previous research (Khumaidi et al 2020). Fertilizers used
for the culture were KNOs, NaH,PO,, Na,EDTA, FeCls, silicate, micro solutions (ZnCl5;
CoC1,; 6H,0; (NH4)6M0;0,4-4H,0; CuSOQ,; 5H,0), and vitamins (B1 and B12). Each
ingredient was mixed and given at a dose of one ml L' of culture media. The water
quality was optimized according to the growth conditions of Amphora sp., i.e.: a
temperature of 27-31°C, a pH of 5.5-7.4, a salinity of 26-31 ppt, a light intensity
(iluminance) of 2,500-5,000 lux and the appropriate nutrient concentrations (nitrogen,
phosphorus, silica, iron and vitamins). Amphora sp. was harvested on the 5% day of
culture with a density of 230x10* cells cm™. The collected Amphora sp. was dried at the
room temperature for three days, before being processed into flour.

Lipid and fatty acid extraction of Amphora sp. Fatty acid extraction was carried out
by dissolving Amphora sp. flour using organic solvents with ratio of 1:10, the equivalent
of 5 g of Amphora sp. flour dissolved in two different solvents: n-hexane (Merck,
104367) and petroleum ether (Merck, 101769), each one in a quantity of 50 mL, at a
practical grade (p.a.). In the extraction process, a 20 Khz ultrasonic (Branson Digital
Aonifier) wave is applied for 15 minutes. After the treatment with ultrasonic waves,
filtering was carried out using filter paper (Whatman no. 42) to separate the pulp from
the extracted solution. The extraction results are then evaporated by a rotary evaporator
vacuum at a temperature of 60°C (Sharmin et al 2016), a speed of 60 rpm, and a
pressure of 200 mBar until there are no more solvents dripping. Furthermore, the yield
was calculated using the following equation (Malekzadeh et al 2016):

L Mi
Ms
Where:
L - lipid content (%);
Mi - lipid mass (g);
Ms - sample mass (g).

Sample preparation for GC/MS. The extracted sample of 1 mL was put into a threaded
tube and hydrolyzed with 1 mL of 1 M KOH (in 70% ethanol solvent) at 90°C, for 1 hour,
then acidified with 0.2 mL of HCI 6 M (in water solvent) and added with 1 mL of water
and 1 mL of n-hexane. Two separate layers of water and the organic layer will be formed.
The organic layer was then allowed to evaporate and methylated with 1 mL of 10% BF;
(in methanol solvent) at 37°C, for 20 minutes. The result was then added by 1 mL of
water and 1 mL of n-hexane. The organic layer formed was used for GC/MS
measurements.

Fatty acid analysis using GC/MS. Fatty Acid analysis was performed using Gas
Chromatography-Mass Spectrometer (GC/MS) Shimadzu, QP2010 (Shimadzu Corp,
Kyoto, Japan). One microliter sample was injected into the capillary column with Helium
(He) as a carrier gas. The temperature of the injector and detector was set at 310°C.
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Injection was carried out in split mode (1:30). The initial temperature of the column was
set to 80°C and the final temperature reached 310°C. The column flow rate was of 0.45
mL min? and the pressure measured 10.9 kPa. The aux temperature (GC to MS
interface) is set to be 310°C, while the mass range (ratio of the mass number and the
charge number) is set at 20-500 m/z. Identification of fatty acid compounds was
performed by comparing the mass spectrum of each compound with the mass compound
standard in the literature.

In silico analysis of fatty acid Amphora sp. The analysis was carried out in several
stages. First, the PubChem server (https://pubchem.ncbi.nlm.nih.gov/) was accessed to
obtain information related to phytochemicals of Amphora sp. fatty acids such as
synonyms, canonical SMILES (Simplified Molecular Input Line Entry Specification) and 3D
structures of bioactive compounds. Fatty acid target compounds were then analysed for
the properties of absorption, distribution, metabolism, and excretion (ADME), including
analysis of aqueous solubility, Blood Brain Barrier (BBB) properties, plasma protein
binding, cytochrome inhibition, intestinal absorption, by accessing
http://www.swissadme.ch/ (Biswal & Pazhamalai 2019). Toxicity of fatty acid compounds
was analyzed by accessing ProTox II web server (Banerjee et al 2018). The biological
activity assessment (such as anti-inflammatory, antifungal, antibacterial, antiviral,
antineoplastic, and antioxidant potentials) of Amphora sp. fatty acids was carried out by
online prediction of activity specifications for substances (PASS)
(http://www.way2drug.com/PASSOnline/index.php) (Jamkhande et al 2016).

Results. A solvent is one of the critical components that can determine the extraction
results. Table 1 show that n-hexane and petroleum ether can produce relatively low oil
yield, namely 0.137 mg g* (2.74%) with n-hexane and 0.179 mg g* (3.58%) with
petroleum ether. Of the two types of solvents used in this study, petroleum ether
produced a higher oil yield than n-hexane. In addition, GC/MS analysis also shows that
petroleum ether can extract more fatty acids (Figure 1 and Table 2) compared to n-
hexane, which extracts only two types of fatty acids (Figure 2 and Table 3).

Table 1
Lipid yield of Amphora sp. extract with n-hexane and petroleum ether solvent

Solvent Sample wt. (g) Lipid content (g) % of lipid content
n-hexane 5+0.00 0.137+£0.020 2.74+0.41
Petroleum ether 5+0.00 0.179+0.013 3.58+0.27
- TIC
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Figure 1. GC/MS screening of fatty acid extracts of Amphora sp. with petroleum ether
solvent.
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Table 2
Profile of fatty acids of Amphora sp. extract with petroleum ether solvent

No Retention Area Similarity Compound Biological
* time (min.) (%) index (SI) % p activity
1 27.500 8.073 90 6-Dodecanone Flavor and
fragrance agent
Absorption and
> 28.608 2.852 38 Methyl (E)-octadec- distribution in
11-enoate human plasma and
lipoprotein lipids
Methyl 15-
3 29.093 9.389 90 methylhexadecanoate Drug agent
2,5- .
4 29682 3.259 86 Dimethylcyclohexanol No activity report
5 30.202  55.512 89 2,3-Dimethyl-undec- . o tivity report
1-en-3-ol
Antifungal,
) antibacterial,
6 31.956  20.915 85 3,6,6-Trimethyl-2- antioxidant,
norpinanol - .
antidiabetic,
anticancer
TIC
900,000
b S 7:\1_%,,_W R _,TELM .
rrrrrrrr 3&@.0-"'r”'.2$‘u”” '”rst.).u”rw'H‘31'.0“-.r'.-r32'.0"”32.5

Figure 2. GC/MS screening of fatty acid extracts of Amphora sp. with n-hexane solvent.

Table 3
Profile fatty acids of Amphora sp. extract with n-hexane solvent
No Retention Area Similarity Compound Biological
" time (min.) (%) index (SI) % p activity
1 30.210  71.536 89 2'3'D'm:rt]r_‘;"_'o‘f”dec'1' No activity report
Antifungal,
(1R,2R,3R,55)-3,6,6- antibacterial,
2 31.967 28.464 85 Trimethylbicyclo[3.1.1] antioxidant,
heptan-2-ol antidiabetic,
anticancer
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Figure 3. Structure of fatty acid of Amphora sp.

ADME and PASS analysis of fatty acid Amphora sp. Analysis of the potentially active
compounds contained in amphora sp. is aimed to see whether the compound can reach
the targeted location in sufficient concentration and can last for a sufficiently long time in
order to function as expected.

Several fatty acids extracted from Amphora sp. were analyzed by the Lipinski's
rule. The results are shown in Table 4. Six fatty acid compounds have a molecular weight
(MW) ranging from 154.25 to 296.5 g mol™, 0-1 hydrogen bond acceptors (HBA), 0-2
hydrogen bond donors (HBD), 0-16 rotatable bonds, a Topological Polar Surface Area
(TPSA) of 17.2-26.3 (R), and an implicit log P (iLOGP) of 2.2-4.9. The predicted results of
the toxicity of Amphora sp. fatty acid compounds have 50% Lethal Dose (LDsg) values
ranging from 340-5,000 mg/kg in rodents. It can classify in the toxicity class IV and V
(Table 5).

Pharmacokinetics (PK) is a mathematical description of the ADME process rate and
the concentration-time relationship. Many pharmacologically active compounds are
selected which then fail to develop due to several factors such as poor bioavailability,
high cleansing, low solubility, and difficulty in the formulation. Prediction of
pharmacokinetic analysis of Amphora sp. fatty acids is shown in Table 6. As shown in
Table 5, all of fatty acids Amphora sp. has a high ability in intestinal absorption. And four
out of six compounds have a blood-brain-barrier permeation ability, except for two
compounds, i.e. methyl (E)-octadec-11-enoate and methyl 15-methylhexadecanoate.

Predictions for assessing the biological activity were carried out by online
application (http://www.pharmaexpert.ru/passonline/), and the estimated probability
value (Pa) is presented in Figure 4. Six of the active compounds contained in Amphora
sp. have an anti-inflammatory, antifungal, antibacterial, antiviral, antineoplastic and
antioxidant activity. However, the antioxidant activity values of these six compounds are
relatively low, with Pa values less than 0.3.
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ADME properties of fatty acid Amphora sp.

Table 4

Compound Canonical SMILES Formula MW (gmolL?) HBA HBD RB TPSA(A) Log P(iLOGP)
6-Dodecanone CCCCCCc(=0)cccecc C12H240 184.32 1 0 9 17.2 3.3
Methyl (E)-octadec-11-enoate CCCCCCC=CCCCCCCCcCcC(=0)0C  C19H3602 296.5 0 2 16 26.3 4.79
Methyl 15-methylhexadecanoate CC(C)CCCCCCCCCCCCCC(=0)0C C18H3602 284.5 0 2 15 26.3 4.9
2,5-Dimethylcyclohexanol CCi1CCcc(c(c1no)c C8H160 128.21 1 1 0 20.2 2.2
2,3-Dimethyl-undec-1-en-3-ol CCCCCccce(e)(c(=0)e)o C13H260 198.34 1 1 8 20.2 3.55
3,6,6-Trimethyl-2-norpinanol CC1CC2CC(C10)C2(C)C C10H180 154.25 1 1 0 20.2 2.35

MW-molecular weight; TPSA-topology polar surface area; HBA-hydrogen bond acceptor; HBD-hydrogen bound donor; RB-rotatable bonds; iLOGP-partition coefficient.

Toxicity fatty acid Amphora sp. prediction results from ProTox II

Table 5

Predicted Toxicity

Molecule (nngigl ) T?:;;/glsty erg;igg; Hepatotoxicity Carcinogenicity I’;’)ZZ’Z;_ Mutagenicity Cytotoxicity
6-Dodecanone 730 4 100 Active Active Inactive Inactive Inactive
methyl (E)-octadec-11-enoate 3000 5 70.97 Active Active Inactive Inactive Inactive
Methyl 15-methylhexadecanoate 5000 5 100 Active Active Inactive Inactive Inactive
2,5-Dimethylcyclohexanol 940 4 100 Inactive Inactive Inactive Inactive Inactive
2,3-Dimethyl-undec-1-en-3-ol 340 4 100 Inactive Active Inactive Inactive Inactive
3,6,6-Trimethyl-2-norpinanol 2050 5 100 Inactive Inactive Inactive Inactive Inactive
Table 6
Pharmacokinetics properties of fatty acid Amphora sp.
Compound GI BBB Pgp CYP1A2 CYP2C19 CYP2C9 CYP2D6  CYP3A4 log Kp
absorption permeant substrate inhibitor inhibitor inhibitor __inhibitor __inhibitor _ (cm s™)
6-Dodecanone High Yes No Yes No No No No -4.36
methyl (E)-octadec-11-enoate High No No Yes No No No No -2.82
Methyl 15-methylhexadecanoate High No No Yes No No No No -2.62
2,5-Dimethylcyclohexanol High Yes No No No No No No -5.32
2,3-Dimethyl-undec-1-en-3-ol High Yes No Yes No No No No -3.97
3,6,6-Trimethyl-2-norpinanol High Yes No No No No No No -5.56
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Figure 4. PASS prediction of fatty acid Amphora sp.

Discussion. Solvents are an important factor in the lipid extraction process. The two
solvents used in the extraction of Amphora sp. were compared in this study. Based on
the yield of extraction and GC-MS analysis, petroleum ether is considered more effective
than n-hexane. Amphora sp. extraction results using petroleum ether show lipid
concentrations of 0.179 mg g* or 3.58% of the dry weight. This percentage is higher
than the lipid concentrations in the microalgae Chlorella vulgaris, with a yield of 3.18%
extracted by Jay et al (2018). According to Abdel et al (2015), petroleum ether is a non-
polar solvent that has a fairly good ability to extract fatty acid compounds. Hamdi et al
(2018) also revealed that petroleum ether is a suitable solvent for extracting fatty acids
in Haplophyllum tuberculatum and producing fatty acids that have anti-inflammatory and
analgesic activity.

GC/MS analyses showed that Amphora sp. contains fatty acids which have an
important biological role. 6-Dodecanone with a ketone group can be used as "flavor and
aroma" (Malik et al 2016). 3,6,6-Trimethyl-2-norpinanol has the chemical properties of
monoterpenes (Chaudhary et al 2019). According to Kozio et al (2014), monoterpene is a
significant component of essential lipids that are widely used for human health, as they
have antifungal, antibacterial, antioxidant, anti-diabetic, anticancer, and several other
essential properties. Besides, 3,6,6-Trimethyl-2-norpinanol is also one of the compounds
showing antibacterial activity in the methanol extract of Enteromorpha sp., which was
tested on Escherichia coli, Staphylococcus aureus and Candida albicans (Ayse et al
2019). Methyl 15-methylhexadecanoate or methyl-isoheptadecanoate has a good
potential to be used as medicinal ingredients. Lawal et al (2016) showed that the Methyl
isoheptadecanoate, one of the most substantial parts in the Nigerian bee (Apis mellifera),
is an active pharmaceutical agent.

Predictions of the potential as medicinal ingredients have recently been developed
using in silico method (Wang et al 2015), by analysing the rate of absorption,
distribution, metabolism, and excretion (ADME) through computer models available at
the following website, http://www.swissadme.ch (Daina et al 2017). ADME parameters
referred to Lipinsky et al (2012) or so-called Lipinski’s Rule of Five are used to determine
the range of physicochemical features of the chemical compounds with high probabilities
of functioning as oral drugs (drug likeness). 6-Dodecanone, methyl (E) -octadec-11-
enoate, Methyl 15-methylhexadecanoate, 2,5-Dimethylcyclohexanol, 2,3-Dimethyl-
undec-1-en-3-ol and 3,6,6-Trimethyl-2-norpinanol are excellentcandidates for drugs
development. These estimations are based on MW values<500 g mol™?, HBA<10, HBD<5,
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TPSA<140A, and iLOGP<5 (Lipinski et al 2012; Sehgal et al 2016; Mohaiminul 2017).
Compounds that have a molecular weight exceeding 500 g moL™ are characterized by:
weak bioavailability, low fractions absorbed, high bound fraction and weak cleaning of
kidneys (Lipinski et al 2012). TPSA is an envelope surface of a molecule that emerges
from a polar atom, such as oxygen, nitrogen or hydrogen, that is bound to oxygen or
nitrogen atoms. Clark (2008) and Hassan & Lenz (2005) revealed that bioactive
compounds which have a TPSA value of =140A would be difficult to enter the cell.
Conversely, if the bioactive compound has a TPSA value of <1404, the compound will
easily enter the cell (Aristyani et al 2018).

The toxicity value fatty acid compounds Amphora sp. is 340-5,000 mg kg™ (Table
5). Supandi & Merdekawati (2018) stated that the higher the LD50 value, the lower the
toxicity value. Table 5 shows that three compounds can potentially cause hepatotoxicity
and carcinogenicity, namely 6-Dodecanone, methyl (E)-octadec-11-enoate, and Methyl
15-methylhexadecanoate. Besides, 2,3-Dimethyl-undec-1-en-3-ol compounds are also
predicted to have carcinogenic potential. Based on this toxicity prediction, there are two
Amphora sp fatty acid compounds, namely 2,5-Dimethylcyclohexanol and 3,6,6-
Trimethyl-2-norpinanol, which can be followed up as health drug agents, because it has a
low toxicity value and does not have the potential to cause hepatotoxicity,
carcinogenicity, immunotoxicity, mutagenicity, and cytotoxicity.

The nature or character of biological compounds can be predicted using PASS
(prediction of activity spectra for substances) method that can be accessed via online
tools. PASS software can predict more than 300 pharmacological effects and biochemical
mechanisms, based on the structural formula of a substance, and can be used efficiently
to find new targets or mechanisms for several ligands. Also, it can be used to discover
new ligands for several biological targets (Lagunin et al 2000). In Figure 4, it appears
that the six active compounds of Amphora sp. fatty acid tend to have antiviral activity
with a fairly high Pa value for each active compound, namely: 6-Dodecanone, methyl (E)-
octadec-11-enoate, Methyl 15-methylhexadecanoate, 2,5-Dimethylcyclohexanol, 2,3-
Dimethyl-undec-1-en-3-0l, and 3,6,6-Trimethyl-2-norpinanol. Pa>0.7 indicates that the
compound is very likely to show an activity similar to other known drug agents, while
0.5<Pa<0.7 indicates that the substance tends to show an activity which may not be
similar to other known drugs (Lagunin et al 2000). Apart from being an antiviral, the
methyl (E)-octadec-11-enoate has anti-inflammatory (Pa value of 0.595) and antifungal
(Pa of 0.505) activity. The Methyl 15-methylhexadecanoate is an anti-inflammatory, the
2,5-Dimethylcyclohexanol is an antifungal and antineoplastic, and the 2,3-Dimethyl-
undec-1-en-3-ol has an anti-inflammatory activity.

The cytochrome p450 (CYP) enzyme is one of the enzymes involved in xenobiotic
metabolism (Kirchmair et al 2015), and has a crucial role in drug elimination through
metabolic biotransformation (Di 2014). Many researchers analysed five major CYP
isoforms, namely CYP1A2, CYP2C19, CYP2C9, CYP2D6, CYP3A4 (Huang et al 2008). In
Table 5 it is shown that four active compounds have an inhibiting action on CYP1A2, i.e.:
6-Dodecanone, methyl (E)-octadec-11-enoate, Methyl 15-methylhexadecanoate and 2,3-
Dimethyl-undec-1-en-3-ol. These results indicate that some active compounds from
Amphora sp. can inhibit CYP1A2. However, all compounds do not have inhibitor character
in the other four major CYP isoforms which suggest that they have sufficient activity in
clearing the accumulation of drugs and their metabolites (Kirchmair et al 2015).

These results indicate that the medicinal ingredients from Amphora sp. fatty acids
have antiviral, anti-inflammatory, antibacterial, antifungal, antineoplastic and antioxidant
properties, reinforcing the evidences related to the excellent potential of the marine
microalgae lipids in the health sector. Previously, the important role in the inhibition of
nitric oxide played by the mono-galactosyl-diacyl-glycerols and by the di-galactosyl-
diacyl-glycerols, lipids produced from marine microalgae, had been demonstrated
(Banskota et al 2013a), together with their anti-inflammatory properties (Banskota et al
2013b). The glycolipid sulfoquinovosyl-diacylglycerol, extracted from red and brown
algae, has a strong antiviral activity against the herpes simplex viruses of types 1 and 2,
as shown by De Souza et al (2012) and Plouguerné et al (2013). Besides, the methyl-
hexadecanoate compound is one of the potential fatty acids extracted from Porphyridium
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cruentum diatoms, which has antibacterial activity in vitro (Kusmiyati & Agustini 2007).
Based on these results, the potential use of Amphora sp. can be further developed and
these results can be used as a basis for testing at a later stage, either in vitro or in vivo.

Conclusions. Petroleum ether appears to be more effective than n-hexane in extracting
Amphora sp. fatty acids by producing more fatty acid compounds. The analysis of
Amphora sp. fatty acid compounds in silico, using the ADMET and PASS prediction
methods, meets the Lipinski's rule of five. It is predicted that active compounds in
Amphora sp. have important biological activities such as anti-inflammatory, antifungal,
antibacterial, antineoplastic and antioxidant. Further biological activity can be performed
through in vitro and in vivo tests.
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