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Abstract. Blue swimming crab (Portunus pelagicus) is a valuable commodity in high demand, as is their
waste products. Hydrolysis methods can be used to extract the protein content of the blue swimming
crab. The current study aimed to explore the potential of yellow tomalley hydrolysate of blue swimming
crab as an antihypertensive agent with an in silico approach. Gas Chromatography-Mass Spectrometry
was used to identify the bioactive compounds in the yellow tomalley hydrolysate of blue swimming crab
(YTHBSC). Nine bioactive compounds found from YTHBSC were then analyzed for antihypertensive-
related activity using the Prediction of Activity Spectra for Substances (PASS) server. Furthermore, the
SwissADME web server and ProTox II were used to evaluate drug-likeness, excretion, metabolism,
distribution, absorption, and toxicity of the small molecule from YTHBSC based on PASS online
prediction. There were eight compounds found in YTHBSC related to antihypertensive properties.
Furthermore, 6 of 8 small molecules of YTHBSC have good bioavailability based on SwissADME analysis.
Except for N,N-dimethyl-methanamine, the YTHBSC small molecules followed the Lipinski rules and had
high gastrointestinal (GI) absorption values. YTHBSC's small molecules have the potential to act as
antihypertensive agents.
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Introduction. Blue swimming crab (Portunus pelagicus) has a great economic value in
Indonesia and is one of the five primary commodities with the highest export value.
Based on Statistics Indonesia (2021), in 2020, the export value of crustaceans, including
crabs and other invertebrates, reached 305704251.01 USD, with a volume of 66236.49
tons. In 2021, the export value of crustacea increased to 366880868.22 USD, with a
volume of 76993 tons (Statistics Indonesia 2021). The increase in exports results in
increased by-products, including solid waste (shells or skins) and liquid waste. The waste
can impact the environment (Chang & Lee 2019).

Blue swimming crab (BSC) waste generated from industrial processes consists of
solid and liquid waste (Riyadi et al 2020a). The yellow tomalley, a solid waste of the BSC
canned industry, is a yellowish substance found under the surface of the crab shell. This
ingredient has a taste resembling crab meat and has high protein content. Therefore, it
can be used as hydrolysate (Sasongko et al 2018). One of the efforts in processing
fishery waste is producing protein hydrolysate (Gao et al 2021). Protein hydrolysate is a
by-product of chemical or enzymatic hydrolysis that converts proteins into simple
peptides and amino acids (Zamora-Sillero et al 2018). Enzymatic hydrolysis has several
advantages over chemical hydrolysis, including no sugar degradation resulting from
hydrolysis, softer process conditions (neutral pH, low temperature and pressure), and the
enzymatic process is environmentally friendly (Vijaykrishnaraj & Prabhasankar 2015).

High blood pressure is one of the diseases that globally causes many deaths (Mills
et al 2020). Hypertension can also lead to cardiac hypertrophy, cardiovascular disease,
aortic rupture, and renal failure (Mensah 2016). Several studies have shown that
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products made from fish waste have antihypertensive activity, such as northern shrimp
(Pandalus borealis) by-products (Kim et al 2016a) and tilapia viscera (Riyadi et al 2020b;
Riyadi et al 2021a). Bioinformatics and in silico analyses play a pivotal role in quickly
designing, screening, and developing therapeutic drugs (Zloh & Kirton 2018). PASS has
been a useful website for predicting biological spectral activity since 2000. Computer
models can predict biological activity in published and new compounds, allowing for early
screening of unpromising molecules. Computer-assisted simulations of drug excretion,
metabolism, distribution, and absorption are being studied to apply an anticipatory and
trustworthy data complement to experimental accessions. The pharmacokinetics,
physicochemical, and pharmacological characteristics of small compounds are predicted
using this computational model (Sliwoski et al 2014). SwissADME is a comprehensive and
integrated website from the Swiss Institute of Bioinformatics (SIB), which offers
bioinformatics recourses to researchers worldwide (Ndombera et al 2019).

To the best of our knowledge, the application of BSC waste as an alternative
treatment for hypertension is limited. Therefore, this study aimed to explore the potential
of yellow tomalley of BSC hydrolysate as an antihypertensive agent. This study uses
computational analysis to evaluate and predict biological potential, drug-likeness,
excretion, metabolism, distribution, absorption, and toxicity of yellow tomalley
hydrolysate of BSC.

Material and Method

Production of the yellow tomalley hydrolysate of BSC. Protein hydrolysate was
made by an enzymatic hydrolysis reaction using the alcalase enzyme. The protein
hydrolysate production was according to the Riyadi et al (2019) method. The yellow
tomalley of BSC collected from a small-scale industry of pasteurized BSC was
homogenized with aquadest in a ratio of 1:2. The alcalase enzyme (Sigma-Aldrich) was
added at a concentration of 1.5%. The hydrolysis process was performed for 2 h in a
water bath at 55°C. The pH setting during the hydrolysis process was neutral (pH=7).
Enzyme inactivation was carried out at a temperature of 80°C for 20 min. Then, samples
were centrifuged at 5000 rpm for 20 min, at 4°C, to obtain a fraction of the yellow
tomalley hydrolysate of BSC.

Chemical profile screening. The experiment was carried out on an HP 6890 GCMS
system (Hewlett-Packard, California, USA) with a capillary column (Agilent 190915-433
HP-5MS; 30x250 m i.d.; Santa-Clara, California, USA). The carrier gas was helium, with
a 1 mL min! flow rate. The oven was preheated to 325°C. The pre-oven temperature
was set to 150°C and maintained at a 2°C min! rate. It ran at 10°C min! for 10 min
before increasing to 240°C for 11 min. Running took at least 24 min (Riyadi et al 2021b).
The scanning range was between 50 and 550 amu. The quantification of the predicted
compound was obtained from reading the area on the GC-MS graph. The compound
estimation results from the GC-MS test were carried out using the Wiley/NIST Library
software (Tanod et al 2019).

Computational analysis. The initial step was to get canonical SMILE data of small
molecules from YTHBSC from the PubChem server (https://pubchem.ncbi.nim.nih.gov/)
(Kim et al 2016b). The second step was predicting the biological activity of small
molecules using the PASS server (http://www.way2drug.com/PASSOnline/predict.php)
by inputting canonical SMILE data (Riyadi et al 2020c). The PASS online could predict
over 300 pharmacological properties and biochemical pathways (Lagunin et al 2000; Dai
et al 2016). The prediction is analyzed according to structure-activity interactions in the
experimental dataset, containing information on over 300000 organic compounds
(Filimonov et al 2014). Then, a list of the biological activity of small molecules was
obtained from this server along with the Pa (to be active) and Pi (to be inactive) values.
Pa value was set at >0.5. The higher Pa value indicates the high probability activity of
the small molecule.

SwissADME (http://www.swissadme.ch/) was used to estimate drug-likeness,
excretion, metabolism, distribution, and absorption (Christina et al 2021). The
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physicochemical ranges on each axis were calculated using the swissADME software and
shown as pink areas where the molecular radar plot must fall to be classified as drug-like
or nutraceutical (Gupta et al 2022). SwissADME offers five free models for determining a
compound's lipophilicity character: XLOGP3, WLOGP, MLOGP, SILICOS-IT, and iLOGP.
XLOGP3, a knowledge-based library and an atomistic approach with corrective features
(Tripathi et al 2019). WLOGP is a purely atomistic method for dealing with a fragmented
system (Chandran et al 2019). MLOGP is a topological approach archetype that employs
13 molecular descriptors and a linear relationship (Eros et al 2002). SILICOS-IT is a
hybrid approach that employs 7 topological descriptors and 27 fragments. In iLOGP,
solvation-free energies in n-octanol and water are determined using the generalized-born
and solvent-accessible surface area (GB/SA) model. The log P o/w is the mean of the
values projected from 5 suggested approaches (Daina et al 2017). The findings were
calculated using Open babel v 2.3.0 (O'Boyle et al 2011). The PSA is computed by
applying the polar atoms sulfur and phosphorus and a fragmental technique known as
TPSA or topological polar surface area (Ertl et al 2000). The Egan egg is an elliptical
region populated by well-absorbed molecules that was utilized to test the model's efficacy
for GI passive absorption and prediction of brain access via passive diffusion to lay the
BOILED-Egg (Brain or intestinal estimated permeation predictive model). The Lipinski
rule is the first of 5 guidelines for identifying tiny compounds according to
physicochemical parameter profiles such NH or OH<5, molecular weight less than 500, N
or 0O<10 and MLOGP=<4.15 (Raschka et al 2018). ProTox II (https://tox-
new.charite.de/protox II/index.php?site=compound input) was used to determine toxicity
of small molecules from YTHBSC (Riyadi et al 2020d).

Results and Discussion. The small molecule profiling in the YTHBSC was analyzed
using GC-MS. Based on the GC-MS analysis, there were nine small molecules in YTHBSC.
Table 1 presents that the major small molecule of YTHBSC was 4-(2-aminoethyl)-phenol,
indicated by the highest percentage of the area (47.14%), with a retention time of
12.690 min. The other small molecules of YTHBSC were benzeneethanamine (14.98 %),
pyridine (12.30 %) and N,N-dimethyl-methanamine (11.65%). The percentages of the
area of other small molecules less than 10% were 2-piperidinone (8.94%), 2.5-dimethyl-
1H-pyrrole (2.27%), decahydro-4H-cyclopentacycloocten-4-one (1.61%), and 2-(1H-
tetrazole -5-yl)-pyridine (1.09%).

Table 1
Profile of small molecules from YTHBSC analyzed by GC-MS
Retention .
Molecular ; Area Quality . Pubchem
No Small molecule formula t/n_7e (%) (Min 50) Library D
(Min)
g 2-(IH-tetrazol-5-yl)- -y No 1432 1.09 59 Wiley275.L 320267
Pyridine
2 N,N-dimethyl- CsHoN 1.500  11.65 80 Wiley275.L 1146
Methanamine
3 Pyridine CsHsN 2.741 9.73 72 Wiley275.L 1049
4 Pyridine CsHsN 3.094 2.57 58 Wiley275.L 1049
5 2,5-dimethyl-1H- CeHoN 3.974 2.27 52 Wiley275.L 12265
Pyrrole
6 Benzeneethanamine CgH11N 7.933 14.98 90 NISTO2.L 1001
7 2-Piperidinone CsHoNO 9.259 8.94 64 Wiley275.L 12665
8 4'(2'apnggl‘q%‘lathy')' CeHuN  12.690  47.14 90 NISTO02.L 5610
decahydro-4H-
9 Cyclopentacycloocten-  CiiHigN 20.773 1.61 64 Wiley275.L 558671
4-one

After identifying the small molecules of YTHBSC, the next step was to predict their
biological activity using the PASS online program. Table 2 presents the prediction of the
biological potential of small molecules of YTHBSC as antihypertensive agents using PASS
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online. Several antihypertensive effects of YTHBSC small molecule were predicted,
including loop diuretics, antiadrenergic drugs, antihypertensive vasodilators, renin-
angiotensin-aldosterone blockers, and antagonist receptor angiotensin 2 (Table 2). 2-
(1H-tetrazol-5-yl)-pyridine has a potential as an angiotensin AT1A receptor antagonist
(Pa 0.866), angiotensin AT1 receptor antagonist (Pa 0.859), Angiotensin II receptor
antagonist (Pa 0.856), and angiotensin antagonist (Pa 0.854). The major small molecules
of 4-(2-aminoethyl)-phenol possessed GABA C receptor activity (Pa 0.749), while
benzeneethanamine, the second major small molecule of YTHBSC, had antineuritic
activity (Pa 0.728) (Table 2).

Physicochemical properties of small molecules of YTHBSC were used to determine
their possible role in various chemical, biological and physical processes. The molecular
weight and polarity of 4-(2-aminoethyl)-phenol were 137.18 g mol! and 46.25 A2,
respectively (Table 3). The molecular weight and polarity of benzeneethanamine were
121.18 g mol! and 26.02 A2, respectively. The molecular weight and polarity of 2-(1H-
tetrazole -5-yl)-pyridine and decahydro-4H-cyclopentacycloocten-4-one were 147.14 and
1566.26 g molt, and 67.35 and 17.07 A2, respectively. Based on these results, 4-(2-
aminoethyl)-phenol, benzeneethanamine, 2-(1H-tetrazole -5-yl)-pyridine and decahydro-
4H-cyclopentacycloocten-4-one meet the optimum criteria of their physicochemical
properties.

Table 2
Small molecule from YTHBSC with Pa value higher than 0.5 using PASS online

PASS Online

No Small molecule Pa i Activity
0.866  0.002 Angiotensin AT1A receptor
antagonist
0.859 0.001 . .
1 2-(1H-tetrazol-5-yl)-Pyridine Angiotensin AT1 receptor
antagonist
0.856 0.001 . . .
Angiotensin II receptor antagonist
0.854 0.001 Angiotensin antagonist
2 N,N-dimethyl-Methanamine 0.612 0.004 Loop diuretic
3 Pyridine 0.620 0.004 Loop diuretic
4 2,5-dimethyl-1H-Pyrrole 0.637 0.008 Antihypertensive
5 Benzeneethanamine 0.728 0.033 Antineurotic
6 2-Piperidinone 0.716 0.033 GABA C receptor agonist
7 4-(2-aminoethyl)-Phenol 0.749 0.003 GABA C receptor agonist
8 decahydro-4H- 0.657 0.014 Vasoprotector
Cyclopentacycloocten-4-one
Table 3
Physicochemical properties of the small molecule from YTHBSC
Small molecule Mw HA AHA RB HBA HBD MR TPSA
2-(1H-tetrazol-5-yl)-pyridine 147.14 11 11 1 4 1 37.41 67.35
N,N-dimethyl-methanamine 59.11 4 0 0 1 0 19.43 3.24
Pyridine 79.10 6 6 0 1 0 24.24 12.89
2,5-dimethyl-1H-Pyrrole 95.14 7 5 0 0 1 30.72 15.79
Benzeneethanamine 121.18 9 6 2 1 1 38.92 26.02
2-Piperidinone 99.13 7 0 0 1 1 30.95 29.10
4-(2-aminoethyl)- phenol 137.18 10 6 2 2 2 40.95 46.25
Decahydro-4H- 16626 12 0 0 1 0 5096 17.07

cyclopentacycloocten-4-one

Note: MW - molecular weight (g mol?!); HA - number heavy atoms; AHA - number aromatic heavy atoms; RB -
number rotatable bonds; HBA - number hydrogen bond acceptor; HBD - number hydrogen bound donor; MR -
molar refractivity (m3 molt); TPSA - topology polar surface area (A2).

The XLOGP3 of 4-(2-aminoethyl)-phenol and benzeneethanamine were 1.10 and 1.41,
respectively. It was indicated that lipophilicity ranged between -0.7 and +5.0 (Table 4).
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Table 4
Lipophilicity characteristics of the small molecule from YTHBSC

SILICOS- Consensus

Small molecule iLOGP XLOGP3 WLOGP MLOGP
IT Log P
2-(1H-tetrazol-5-yl)- 0.59 0.10 0.26 0.20 1.18 0.47
Pyridine
N,N-dimethyl- 1.56 0.26 1.18 0.29 -0.58 0.34
Methanamine
Pyridine 1.32 0.65 1.08 0.41 1.63 1.02
2,5-dimethyl-1H-Pyrrole 1.62 1.51 1.63 0.84 2.35 1.59
Benzeneethanamine 1.72 1.41 1.19 1.87 1.79 1.60
2-Piperidinone 1.28 -0.46 -0.09 0.10 1.32 0.43
4-(2-aminoethyl)- Phenol 1.36 1.10 0.89 1.21 1.28 1.17
Decahydro-4H-
Cyclopentacycloocten-4- 2.34 3.17 2.94 2.59 2.98 2.80
one

Table 5 presents the water solubility characteristics of the small molecule from YTHBSC.
The results revealed that the primary compounds found in the YTHBSC have high
solubility. The pharmacokinetic parameters, bioavailability, and drug-likeness were also
assessed (Tables 6 and 7). There are 6 out of 8 small molecules of YTHBSC that have
good bioavailability (Table 6). Bioavailability is an essential aspect to consider while
developing nutraceuticals.

Table 5
Water solubility characteristics of the small molecule from YTHBSC
Solubility
Compounds Log S mg mL1 mol L1 Class
2-(1H-tetrazol-5-yl)-pyridine -1.07 1.25e+01 8.52e-02 Very soluble
N,N-dimethyl-methanamine 0.11 7.63e+01 1.29e+00 Highly soluble
Pyridine -0.50 2.52e+01 3.19e-01 Very soluble
2,5-dimethyl-1H-pyrrole -1.45 3.38e+00 3.55e-02 Very soluble
Benzeneethanamine -1.56 3.33e+00 2.75e-02 Very soluble
2-piperidinone 0.32 2.05e+02 2.07e+00 Highly soluble
4-(2-aminoethyl)- phenol -1.66 2.97e+00 2.17e-02 Very soluble
Decahydro-4H-cyclopentacycloocten-4- -3.20 1.05e-01  6.32e-04 Soluble

one

Note: insoluble < -10 < poorly soluble < -6 < moderately soluble < -4 < soluble < -2 very soluble < 0 < highly
soluble.

Table 6
Pharmacokinetics parameters and bioavailability of the small molecule from YTHBSC

GI BBB Bioavailability

Small molecule .
absorption permeant score
2-(1H-tetrazol-5-yl)-pyridine High No 0.85
N,N-dimethyl-methanamine Low No 0.55
Pyridine High Yes 0.55
2,5-dimethyl-1H-pyrrole High Yes 0.55
Benzeneethanamine High Yes 0.55
2-piperidinone High No 0.55
4-(2-aminoethyl)- phenol High Yes 0.55
decahydro-4H-cyclopentacycloocten-4-one High Yes 0.55

Note: GI absorption - gastrointestinal absorption; BBB permeant - blood brain barrier permeation.
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Table 7
Drug likeness rule score of the small molecule from YTHBSC

Small molecule A B C D E
2-(1H-tetrazol-5-yl)-Pyridine Yes Yes Yes Yes Yes
N,N-dimethyl-Methanamine Yes Yes Yes Yes Yes
Pyridine Yes Yes Yes Yes Yes
2,5-dimethyl-1H-Pyrrole Yes Yes Yes Yes Yes
Benzeneethanamine Yes Yes Yes Yes Yes
2-Piperidinone Yes Yes Yes Yes Yes
4-(2-aminoethyl)- Phenol Yes Yes Yes Yes Yes
decahydro-4H-Cyclopentacycloocten-4-one Yes Yes Yes Yes Yes

Note: A - molecular mass less than 500 Dalton; B - high lipophilicity (expressed as LogP less than 5); C - less
than 5 hydrogen bond donors; D - less than 10 hydrogen bond acceptors; E - molar refractivity should be
between 40-130; F - conclusion.

According to the bioavailability radar (Figure 1), the colorful zone is the best
physicochemical area for oral bioavailability.

(a) (b) (<)
(d) (e) (f)
(9) (h)

Figure 1. Schematic diagram of the bioavailability radar for drug likeness of the small
molecule from YTHBSC: (a) 2-(1H-tetrazol-5-yl)-pyridine; (b) N,N-dimethyl-
methanamine; (c¢) pyridine; (d) 2,5-dimethyl-1H-pyrrole; (e) benzeneethanamine; (f) 2-
piperidinone; (g) 4-(2-aminoethyl)- phenol; (h) decahydro-4H-cyclopentacycloocten-4-
one.
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Eight small molecules had a molecular mass of less than 500 Dalton, high lipophilicity,
less than 5 hydrogen bond donors, less than 10 hydrogen bond acceptors, and molar
refractivity between 40-130 (Table 7). All small molecules from YTHBSC have a value
between 1 and 2.47, making them easy to produce synthetically (Table 8). Table 9
presents oral toxicity prediction results from the small molecule of YTHBSC. N,N-
dimethyl-methanamine, and 2-piperidinone belong to class II (fatal if swallowed;
5<LD50<50) and were based on ProTo-II. Mutagenicity and cytotoxicity prediction
results from all small molecules of YTHBSC were negative.

Medicinal chemistry prediction of the small molecule from YTHBSC Teble 8

Small molecule A B C D
2-(1H-tetrazol-5-yl)-pyridine No;Mlvo/Lozlggon; 0 0 1.83
N,N-dimethyl-methanamine No;Mlvo/Lozlgt(;on; 0 0 1.00
Pyridine N°;M1V\>’L°2'?Sgon; 0 0  1.00
2,5-dimethyl-1H-pyrrole NO;Mlvo’Loz'ggon; 0 0 1.00
Benzeneethanamine No;Mlvo/Lozlgtc;on; 0 0 1.00
2-piperidinone N°;M1V\>’L°2'?Sgon; 0 0  1.00
4-(2-aminoethyl)- phenol No;Mlvo/Lozlggon; 0 0 1.00
decahydro-4H-cyclopentacycloocten- No; 1 violation; 0 0 247

4-one MW <250

Note: A - lead likeness; B - pan assay interference structures; C - structural alert; D — synthetic accessibility
score.

Table 9
Oral toxicity prediction results from the small molecule of YTHBSC using ProTox II

Small molecule LD50 Class HE CA IM MU CYy
2-(1H-tetrazol-5-yl)-pyridine 1190 4 +) ) () () Q)
N,N-dimethyl-methanamine 50 2 OENOERCOENG (-)

Pyridine 1500 4 () (H ) G >
2,5-dimethyl-1H-pyrrole 670 4 G (B = G )
Benzeneethanamine 400 4 OENOERCOENG (-)
2-piperidinone 41 2 QOENOENCOENCOENGC
4-(2-aminoethyl)- phenol 1090 4 OO OENG ()
decahydro-4H-cyclopentacycloocten-4- 25 5 ) ) () -) -)

one

Note: LD50 - lethal dose 50% of response (mg kg'); HE - hepatotoxicity; CA - carcinogenicity; IM -
immunotoxiticity; MU - mutagenicity; CY - cytotoxicity; (-) - inactive; (+) - active; class 1 - fatal if swallowed
(LD50<5); class 2 - fatal if swallowed (5<LD50<50); class 3 - toxic if swallowed (50<LD50<300); class 4 -
harmful if swallowed (300<LD50<2000); class 5 - may be harmful if swallowed (2000<LD50<5000); class 6 -
non-toxic (LD50>5000).

The results showed that the highest Pa value was found in 2-(1H-tetrazol-5-yl)-pyridine,
which has potential activity as an angiotensin receptor antagonist. Benzeneethanamine
has the potential as an antineurotic, and 2-piperidinone and 4-(2-aminoethyl)-phenol act
as GABA C receptor agonists (Table 2). Pyridine was the most prevalent structural unit
due to its versatility for drug development against many biological targets. The
dihydropyridine ring mostly acts as a calcium-channel blocker, which has advantages for
hypertension and heart-related disease treatment (Ling et al 2021). Another compound,
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N,N-dimethyl-methanamine was also reported to have a negative association with high
blood pressure (Hsu et al 2020), while the 2-piperidinone and its derivative might be
used to develop an antihypertensive agent (Yang et al 2007).

The molecular and physicochemical activity such as molecular weight, molecular
formula, H-bond donors, H-bond acceptors, rotatable bonds, heavy aromatic atoms,
heavy atoms, molar refractivity, and TPSA are among the physicochemical properties of
YTHBSC small molecules (Table 3). The YTHBSC small molecules' general features
revealed that the molecular weight of all compounds was less than 500 Da, indicated as a
key attribute that can be referred to as drug-likeness. The lipophilicity properties of the
YTHBSC small molecules are shown in Table 4.

The amount of nutraceutical dosage can be reduced if the bioavailability is good.
Furthermore, it can lower the danger of side effects and toxicity, while achieving the
target pharmacological effect. Poor bioavailability can lead to decreased efficacy and
greater inter-individual variability, resulting in an unanticipated reaction to a
nutraceutical. Nutraceutical candidates fail to reach the market because of poor
bioavailability in clinical trials. Anacardic acid is one of the 15 insoluble chemicals. One of
the methods used by Ali et al (2012) to estimate water solubility was SwissADME
(Solubility class: Log S Scale: Insoluble < -10 poorly <-6, moderately < -4 soluble< -2
very < 0 < highly). The solvent used, ambient temperature, and pressure significantly
impact a compound's solubility. The saturated level is the point in an optimizer
concentration in which adding more solute has no impact (Savjani et al 2012). The GI
absorption of all YTHBSC small molecules was high, except N,N-dimethyl-methanamine
(Table 6). This suggests that most of the YTHBSC small molecules have good absorption.
According to Lipinski's rules, all small molecules from YTHBSC matched the drug-likeness
criteria (Table 7).

The Lilly MedChem (Bruns & Watson 2012) rule used to purify chemical libraries of
compounds that are likely to be unstable, reactive, toxic, or prone to interfere with
biological assays due to their structure has been based on the root of structural alert
(Brenk et al 2008), the pan assay interference compounds or PAINS structural alert
(Baell & Holloway 2010), or the root of structural alert (Brenk et al 2008; Irwin et al
2015). The synthetic accessibility (SA) score is predicated on the concept that the
frequency of molecular fragments in 'really' available compounds relates to synthesis
ease. Ertl & Schuffenhauer (2009) reported the created and validated method as being
characterized by the molecular synthetic accessibility value, which varied from 1 to 10
(easy to very difficult).

Drug-induced hepatotoxicity is a primary cause of abrupt liver failure and one of
the leading causes of drug rejections (Siramshetty et al 2016; Banerjee et al 2018).
Drug-induced liver injury (DILI) might be long-term or occur only once. The ProTox-II
hepatotoxicity prediction model has equitable reliability of 82% on cross-validation and
an accuracy of 86% on external validation (Chen et al 2016).

Conclusions. The current study suggested that small molecules from the yellow tomalley
hydrolysate of BSC may have the potential as antihypertensive agents. Six to eight small
molecules met the pharmacokinetic criteria. Further research should be done in vitro and
in vivo to elucidate the small molecules from YTHBSC, which might be used as an
antihypertensive agent and further develop excellent nutraceutical products.
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