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ABSTRACT
Background: Diabetic neuropathy affects over 50% of diabetic patients, causing significant morbidity

and economic burden exceeding $327 billion annually. Current treatments offer limited relief,
accompanied by considerable side effects. Aldose reductase inhibition represents a promising
therapeutic approach, yet synthetic inhibitors face clinical challenges, including hepatotoxicity and
inadequate safety margins. This study investigates Brassica oleracea stem bioactives as novel aldose
reductase inhibitors. Methodology: Sequential extraction of Brassica oleracea stems employed ethanol
and acetone solvents. Phytochemical screening utilized standard chemical tests, while HR-LCMS
enabled metabolite identification. Molecular docking against human aldose reductase (PDB: 1US0) was
performed using GeinDock Suite. Drug-likeness and ADME properties were assessed using
SwissADME, in accordance with Lipinski's Rule of Five. Comprehensive pharmacokinetic parameters
were also evaluated. Results and Discussion: HR-LCMS identified 33 bioactive compounds with
identification scores >90%. Four lead compounds demonstrated optimal aldose reductase inhibitory
potential with superior drug-likeness: Indole-3-acetonitrile (-8.9 kcal/mol, Ki=0.30 uM) approached
reference inhibitors epalrestat (-9.9 kcal/mol) and sorbinil (-9.4 kcal/mol) with zero Lipinski violations.
18-Oxooleate (-7.5 kcal/mol) and Salicylamide (-7.6 kcal/mol) exhibited exceptional bioavailability
(0.85) with minimal CYP450 inhibition. Phytosphingosine (-6.7 kcal/mol) displayed advantageous
peripheral selectivity. Conclusion: Four B. oleracea compounds demonstrate optimal convergence of
aldose reductase inhibitory potential and pharmaceutical feasibility, offering promising orally
bioavailable candidates for diabetic neuropathy management. Their natural origin and favorable ADME
profiles warrant immediate progression to in vitro validation and in vivo studies.
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INTRODUCTION
Diabetic neuropathy is a serious problem for people with

diabetes, and it currently affects more than half of all adults who
have diabetes [1]. This condition leads to pain, numbness, and
eventually muscle weakness, which reduces the quality of life
and puts a burden on the healthcare system [2]. Every year, there
is a worldwide economic loss of more than $327 billion, and
around a third of healthcare costs for diabetes are attributed to
diabetic neuropathy [3]. At present, drugs commonly used to
treat addiction are anticonvulsants, antidepressants, and opioids,
but they provide limited relief and may cause patients to feel
sleepy, confused, and dependent [4]. Even with years of studies,
treatments that can slow or halt disease progression have not
been found, which clearly points to the urgent need for another
approach. Recent discoveries have suggested that the polyol
pathway, particularly the aldose reductase enzyme, is primarily
responsible for diabetic neuropathy; therefore, blocking aldose
reductase could be a promising approach to treating it [5].

Aldose reductase, located in the cytoplasm and belonging to the
oxidoreductase family, catalyzes the conversion of glucose into
sorbitol via the polyol pathway, thereby regulating the entire
process [6]. When there is too much sugar in the blood, sorbitol
is produced in the cells, leading to excessive water retention,
depletion of myoinositol, a less active Na+/K+-ATPase, and
problems with nerve function [7]. The enzyme's structure
exhibits a TIM-barrel fold and a pocket that is sufficiently deep
to accommodate both NADPH and substrate molecules. Some
examples of these types of medications, including epalrestat,
fidarestat, and ranirestat, have been evaluated in clinical
research, indicating modest effectiveness but limited clinical use
due to liver toxicity, difficulty achieving adequate blood levels,
and inadequate safety margins [8]. The place where the enzyme
functions has four crucial amino acid residues, namely Tyr48,
Trp20, His110, and GIn183, that play a role in trapping potential
inhibitors [9]. Investigations using crystallography have
revealed that the active site can assume different shapes, opening
up new opportunities for designing drugs that can bind to
specific shapes within the binding site [10]. Currently approved
pharmaceuticals often rely on natural products for their origin,
with plant-based compounds being valued for their diverse
structures and biological activities, and are generally considered
less risky [11]. The Cruciferae family includes Brassica
oleracea, commonly known as wild cabbage, which is used
globally for its leaves, stems, and inflorescences. Typically seen

as a byproduct of agriculture, the stem part contains numerous
bioactive substances, including glucosinolates, phenolic
compounds, flavonoids, and terpenoids, several of which have
proven anti-diabetic effects [12]. According to phytochemical
studies, specific metabolites, such as chalcones, ecdysteroids,
and glycosylated flavonoids, are predominantly found in the
stem portion of the plant [13]. They are known to act as
antioxidants, fight inflammation, and regulate enzymes,
suggesting that they may have other therapeutic effects beyond
being nutrients. Scientists can utilize agri-food waste to develop
medications, adhering to the principles of sustainability and
obtaining cost-effective materials [14]. The long-standing
worldwide use of Brassica species demonstrates that Brassica
compounds are safe, potentially allowing them to be used more
rapidly in healthcare than artificial chemical agents [15]. The
study aims to identify the chemical composition of stem extracts
from Brassica oleracea and evaluate their ability to inhibit aldose
reductase using computational methods. Among the objectives
are identifying and quantifying bioactive metabolites,
determining if these metabolites exhibit suitable drug-like
properties using computer models, and investigating their
interactions with human aldose reductase to establish a
connection between their structure and activity.

MATERIALS AND METHODS
Materials

Fresh Brassica oleracea stems were collected from local
agricultural fields in Maharashtra, India, and authenticated by
the Department of Botany and Research, Centre Padmashri
Vikhe Patil College of Arts, Science and Commerce,
Pravaranagar, 413713 (Ref. No. PVPC/Bot/2021-22/HD-74).
Ethanol (analytical grade, 99.5% purity) was procured from
Sciquaint Chemicals (Pune, India). Acetone (analytical grade,
99.8% purity) was obtained from Sciquaint Innovations Pvt. Ltd.
(Pune, India). Formic acid (LC-MS grade, 98% purity) and
acetonitrile (LC-MS grade, 99.9% purity) were sourced from
Neeta Chemicals (Pune, India). Ultra-pure water (LC-MS grade)
was prepared using a Milli-Q system. Dragendorff's reagent
components, including bismuth nitrate and potassium iodide
(analytical grade), were purchased from Research Lab Fine
Chem Industries (Pune, India). Aluminum chloride (10%
solution, analytical grade), ferric chloride (5% solution,
analytical grade), a-naphthol reagent, acetic anhydride, and
concentrated sulfuric acid (analytical grade) were obtained from
Sciquaint Chemicals (Pune, India). Filter papers (Whatman No.
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1) and amber-colored storage vials were procured from local
laboratory suppliers. All other chemicals & reagents used in this
study were of analytical grade and obtained from certified
suppliers in Pune, India.

Methods

Collection and Extraction of Materials

During the harvest season (October-November 2023), Fresh
Brassica oleracea stems were sourced from local farms in
Maharashtra, India, and the Department of Botany, University
of Pune acknowledged them (voucher specimen no. BO-ST-
2023). Distilled water was used to wash the stems, which were
then left to dry in the shade at average room temperature
(25£2°C) for 15 days. After that, the powder was obtained by
grinding the washed, dried stems with a mechanical grinder
manufactured by Remi Motors in India. Sequential extraction
was performed using a Soxhlet apparatus (Borosil Glass Works
Ltd.). Ethanol (99.5% analytical grade, Merck Life Sciences Pvt.
Ltd.) and acetone (99.8% analytical grade, SRL Pvt. Ltd.) were
used as solvents. A solvent-to-sample ratio of 10:1 (v/w) was
used for 8 hours of extraction at 60°C. After filtering through
Whatman No. 1 filter paper, concentration was achieved by
using a rotary evaporator from IKA India Pvt. Ltd. in Bangalore
at 40°C. The dried extracts were placed into amber vials and
stored at -20°C before further study [16,17].

Phytochemical Analysis

Chemical tests were used to study and identify the primary
groups of secondary metabolites present in the ethanolic and
acetone extracts of the stems. Dragendorff’s reagent was
prepared with bismuth nitrate and potassium iodide purchased
from Hi-Media Laboratories Pvt. Ltd., Mumbai, and was
successful at detecting alkaloids through orange-red precipitate
formation. The aluminum chloride test was performed using
10% AICIs (Sisco Research Laboratories, Mumbai, India), and
the development of a yellow coloration indicated the presence of
flavonoids. After adding the FeCls solution, positive detection of
phenalic compounds resulted in a change in color to blue-green
(Merck Life Sciences Pvt. Ltd., Mumbai, India). Distilled water
was used for the foam test to detect saponins, whereas glycosides
were tested with Molisch’s test (using a-naphthol reagent from
SRL Pvt. Ltd., Mumbai, India) and concentrated sulfuric acid.
Positive identification of terpenoids was made with Liebermann-
Burchard test using acetic anhydride and concentrated sulfuric
acid from Hi-Media Laboratories Pvt. Ltd [18,19].

LCMS Analysis

Liquid chromatography-mass spectrometry analysis was
conducted on a Waters Acquity UPLC system coupled to a
Thermo Fisher Scientific Q-Exactive Orbitrap mass
spectrometer to comprehensively characterize the metabolites in
the stem extracts. Chromatographic separation was performed
on a 2.1x100 mm Acquity UPLC BEH C18 column (1.7 um
particle size, Waters India Pvt. Ltd., Bangalore, India)
maintained at 40°C with an injection volume of 5 pL.

The mobile phase consisted of (A) 0.1% formic acid in water
and (B) 0.1% formic acid in acetonitrile, delivered at a flow rate
of 0.3 mL/min using the following gradient program: 0-1 min,
5% B; 1-10 min, 5-95% B; 10-12 min, 95% B; 12-12.1 min, 95-
5% B; 12.1-15 min, 5% B.Mass spectrometric detection was
performed in both positive (ESI+) and negative (ESI-)
electrospray ionization modes with the following parameters:
spray voltage 3.5 kV, capillary temperature 320°C, sheath gas
flow 10 arbitrary units, scan range m/z 100-1500, and resolution
70,000 FWHM. Data acquisition was performed using Xcalibur
software (version 4.2, Thermo Fisher Scientific), and putative
compound identification was carried out using Compound
Discoverer software (version 3.1, Thermo Fisher Scientific) by
matching accurate masses (mass error < 5 ppm) against the
METLIN, HMDB, and MassBank spectral libraries [20,21].
Compounds were assigned based on precise mass matching with
database scores greater than 90%, and confidence levels were
classified according to the Metabolomics Standards Initiative
(MSI) guidelines. In the absence of MS/MS fragmentation data
and authentic reference standards, all identifications are reported
as putative annotations (MSI Level 3) [22,23].

Ligand Preparation

To evaluate the binding interactions of identified bioactive
compounds with the target protein, their three-dimensional
molecular obtained from PubChem
(https://pubchem.ncbi.nlm.nih.gov/) in the Structure Data File
(SDF) format, which provides complete atomic coordinates,
connectivity information, and stereochemical configurations.
The accuracy and identity of each structure were verified by
cross-referencing the CAS registry number, IUPAC
nomenclature, and canonical SMILES notation against the
PubChem database before download. SDF files were
subsequently converted to MOL format using Open Babel
software (version 3.1.1) [24].

structures  were
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Energy minimization was performed using the Merck Molecular
Force Field (MMFF94) to optimize molecular geometry,
eliminate steric clashes, and achieve stable low-energy
conformations suitable for molecular docking studies. All ligand
structures were visually inspected to confirm correct bond
orders, hybridization states, and protonation
physiological pH (7.4) before being saved in formats compatible
with the docking software [25,26].

states at

Selection of Target Receptor

Human aldose reductase (ALR2, EC 1.1.1.21) was selected as
the therapeutic target based on its established role in the
pathogenesis of diabetic neuropathy through the polyol pathway.
This NADPH-dependent enzyme catalyzes the reduction of
glucose to sorbitol, representing the rate-limiting step in the
polyol pathway that becomes hyperactive under hyperglycemic
conditions [27]. Excessive intracellular sorbitol accumulation
leads to osmotic stress, depletion of myoinositol, impaired
Na'/K*-ATPase activity, and subsequent nerve dysfunction
characteristic of diabetic neuropathy [28]. The crystal structure
of human aldose reductase complexed with NADP* and the
inhibitor IDD594 (PDB ID: 1USO, resolution 0.66 A) was
retrieved from the Protein Data Bank (https://www.rcsb.org/)
[29]. This ultra-high-resolution structure was selected due to its
exceptional atomic detail, well-defined active site architecture,
and the presence of the NADP* cofactor, which is essential for
maintaining the physiologically relevant conformation of the
enzyme. The active site of aldose reductase consists of two
distinct regions: the anion binding pocket, which is relatively
rigid and comprises residues Trp20, Val47, Tyr48, Trp79,
His110, and Trp111, and the specificity pocket, which exhibits
conformational flexibility and includes residues Trplll,
Thrll13, Phel22, GIn183, Trp209, Cys298, Leu300, and
Cys303. The catalytic mechanism involves key residues Tyr48,
His110, and Trp111, which form the catalytic triad essential for
enzyme function [30,31]. Although multiple enzymatic
pathways contribute to diabetic complications, selective
inhibition of aldose reductase has been shown to ameliorate and
reverse neuropathic symptoms in preclinical models and clinical
studies, supporting its validity as a therapeutic target [32].

Protein Preparation

The three-dimensional structure of human aldose reductase was
retrieved from the Research Collaboratory for Structural
Bioinformatics Protein Data Bank (https://www.rcsb.org/) in

PDB format. The crystal structure (PDB ID: 1USQ) was loaded
into Discovery Studio Visualizer (version 4.5, BIOVIA Inc., San
Diego, USA) for preparation and analysis [33]. Non-essential
water molecules and crystallographic artifacts were removed
from the structure to facilitate subsequent docking studies.
Notably, the NADP* cofactor was retained in the binding site to
maintain the physiologically relevant conformation of the active
site and ensure the accurate protonation states of the catalytic
residues [34].

Polar hydrogen atoms were added to the protein structure with
protonation states assigned at physiological pH 7.4, with
particular attention to ionizable residues within the active site
region (Tyr48, Hisl110, Lys77). Energy minimization was
performed using the CHARMmM force field to eliminate steric
clashes and optimize side-chain conformations. All residue
numbering was verified against the original PDB file to ensure
accurate reporting of protein-ligand interactions in subsequent
docking analyses. The prepared structure was validated for
correct geometry and spatial integrity before being saved in PDB
format for molecular docking studies [35].

Molecular Docking

Molecular docking was performed using GeinDock Suite
software (version 1.0, Geinforce Technology Pvt. Ltd., Pune,
India, https://geindock.geinforce.com/), which  employs
AutoDock Vina as its backend docking engine [36]. to predict
the binding interactions of Brassica oleracea stem compounds
with human aldose reductase. Both the prepared protein
structure (with NADP* retained) and energy-minimized ligand
structures were submitted to the web-based docking platform.

A cubic search grid was centered on the aldose reductase active
site using the following coordinates: center x = 16.845 A,
center_y = -4.284 A center_z = 20.365 A, with dimensions of
23.872 A x 19.980 A x 32.814 A. This grid encompassed both
the anion binding pocket (Trp20, Val47, Tyr48, Trp79, His110,
Trpl11) and the specificity pocket (Trplll, Thrl13, Phel22,
GIn183, Trp209, Cys298, Leu300, Cys303), ensuring
comprehensive sampling of all key interaction sites. Docking
simulations were conducted using a genetic algorithm with the
following parameters: population size of 100, maximum of 100
generations, and energy evaluations performed every 10,000
steps to ensure thorough conformational sampling [37]. Flexible
ligand docking was employed, allowing all rotatable bonds in
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the ligands to explore different conformations, while the protein
receptor was maintained as rigid. Binding affinities were
calculated using the integrated scoring function and reported in
kilocalories per mole (kcal/mol). Each compound was docked in
triplicate to ensure reproducibility, and the binding pose with the
lowest binding energy was selected for further analysis [38].

To validate the docking protocol, the co-crystallized inhibitor
IDD594 was extracted from 1US0 and re-docked under identical
conditions. The docked pose was superimposed with the crystal
structure, yielding an RMSD (threshold: <2.0 A), which
confirmed the protocol's accuracy in reproducing experimental
binding modes [39,40]. To establish reference binding affinities,
three clinically used aldose reductase inhibitors, epalrestat &
sorbinil, were docked under identical conditions, providing

benchmark values for comparative evaluation of the
phytochemical compounds [41, 42].

Drug-likeness and In Silico ADME Prediction

ADME properties and drug-likeness of the identified

compounds were evaluated using the SwissADME web server
(http:/lwww.swissadme.ch/, Swiss Institute of Bioinformatics,
Lausanne, Switzerland) [43]. For each compound, canonical
SMILES notation was obtained from PubChem and submitted to
the platform for comprehensive pharmacokinetic profiling.
Drug-likeness was assessed using Lipinski's Rule of Five

(molecular weight <500 Da, LogP <5, hydrogen bond donors <5,
hydrogen bond acceptors <10) and Veber's rules (topological
polar surface area <140 A2, rotatable bonds <10) [44].

Pharmacokinetic parameters evaluated included: gastrointestinal
(GI) absorption, blood-brain barrier (BBB) permeability, P-gly-
coprotein (P-gp) substrate/inhibitor status, cytochrome P450
enzyme inhibition potential (CYP1A2, CYP2C19, CYP2C9,
CYP2D6, CYP3A4), plasma protein binding propensity, volume
of distribution, and skin permeation coefficient (Log Kp).
Bioavailability scores were calculated according to the
SwissADME algorithm, and compounds were evaluated for
potential medicinal chemistry liabilities [45].

RESULTS AND DISCUSSION

Results

Phytochemical Analysis

A qualitative phytochemical study revealed that extracts of
Brassica oleracea stems, prepared in ethanol and acetone,
contained various types of secondary metabolites (Table 1). All
samples contained alkaloids, flavonoids, phenolic compounds,
glycosides, and terpenoids, and only the ethanolic extract was
tested for the presence of saponins. The reactions were stronger
with one solvent compared to the other, suggesting that this
solvent is more effective at extracting certain types of
phytochemicals.

Table 1: Qualitative phytochemical analysis of Brassica oleracea stem extracts

Phytochemical Class Test Reagent Ethanolic Extract Acetone Extract
Alkaloids Dragendorff's reagent +++ ++
Flavonoids Aluminum chloride test +++ +++

Phenolic compounds Ferric chloride test +++ ++
Saponins Foam test ++ -
Glycosides Molisch's test ++ +
Terpenoids Liebermann-Burchard test ++ ++

Legend: +++: abundant; ++: moderate; +: trace; -: absent

LC-MS Analysis and Metabolite Identification

HR-LCMS analysis identified 33 putative bioactive compounds
from Brassica oleracea stem extracts (Tables 2 and 3), classified
as MSI Level 3 based on accurate mass matching (mass error <5
ppm) without MS/MS confirmation. Notable compounds
include glucosinolates (sinigrin, glucobrassicin), phenolic acids
(chlorogenic acid, sinapoylmalate), flavonoids (quercetin-3-O-
glucoside, kaempferol derivatives) & phytosterols (campesterol,
stigmasterol) (Tables 2 & 3).

While these identifications are tentative pending MS/MS
validation & comparison with authentic standards, the diversity
of secondary metabolites suggests potential bioactivity. Further
structural confirmation through tandem mass spectrometry &
NMR spectroscopy is necessary to elevate confidence levels to
MSI Level 1-2 for definitive compound identification and
subsequent biological activity assessments.
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In-silico Druglikeness study of Compounds from Brassica
oleracea stem extracts

Drug-likeness assessment revealed varied compliance with
Lipinski's Rule of Five and Veber's rules (Table 4). Compounds
including salicylamide, 18-oxooleate, linoleic acid, and
phytosphingosine exhibited zero or one violation with favorable
bioavailability scores (0.55-0.85), indicating good oral drug-

likeness (Table 4). Conversely, large glycosylated compounds
(kaempferol-3-O-sophoroside, glucobrassicin, saponin B)
showed multiple violations (2-3) and poor bioavailability scores
(0.17), suggesting limited oral absorption. Compounds with
optimal ADME profiles warrant prioritization for further aldose
reductase inhibition studies despite requiring experimental
validation.

Table 2: Compounds identified in the ethanolic extract of Brassica oleracea stem (EEBOS)

S. Compound Name RT Obs. Calc. Error | Score PubChem
No. & Formula (min) Mode Adduct m/z m/z (ppm) | (%0) MSI CID
Salicylamide .
1 TN 2.750 | ESI+ [M+H] 137.04 | 137.04 | 22 | 970 | 3 5147
Kaempferol-3-O-
2 sophoroside 2.760 | ESI- [M—-H] 609.1450 | 609.1461 | —1.8 | 94.12 3 5318767
C27H30016
3 Sinigrin 2.784 | ESI- [M-H]* | 358.0550 | 358.0558 | 2.2 | 96.02 | 3 | 23682211
CIOHIGKNOQSZ ' ' ' ' '
N1,N8-
4 | Diacetylspermidine | 2.798 | ESI+ [M+H]* 230.1869 | 230.1863 | 2.6 96.58 3 122382
C12H23N302
Proacaciberin _ _
5 o HNORS 2.832 | ESI- [M-H] 390.14 | 390.14 28 | 989 | 3 | 656519
N-butanoyl-L-
6 | homoserine lactone | 9.892 ESI+ [M+H]* 172.0968 | 172.0974 | —-3.5 | 97.14 3 11565926
CsH1NOs
7 Cappariloside A | 113, | Egp+ [M+H]* 334.1172 | 334.1179 | —2.1 | 92.68 | 3 | 72761836
C16H19NO7
g | (B)-4-Niwostilbene |, go0 | £y [M+H]* | 226.0863 | 226.0868 | —2.2 | 96.14 | 3 | 637758
C14H11N02
g | Neoglucobrassicin | 1) 59g | pgr- [M-H] 477.1120 | 477.1134 | —2.9 | 9563 | 3 | 9548633
C20H27NOIIS
10 Brassicanal A 11.36 | ESI- [M-H]- 191.03 | 191.03 | -3.1 | 905 | 3 443054
C10H804
11 | »0-Disinapoyl 45 40, | pgr [M-H]- 753.2254 | 753.2245 | 1.2 | 9240 | 3 | 11127547
sucrose CsaH2010
12 Girgensonine 12.23 | ESI+ [M+H]* 216.13 | 21613 | -2.3 | 96.8 | 3 | 442430
C13H17N02
Glucobrassicin _ _
13 MO 12.39 | ESI [M-H] 447.09 | 447.09 25 | 957 | 3 | 6602378
14 | Sinapoylmalate 12.99 | ESI- [M-H]- 339.07 | 339.07 | -1.8 | 985 | 3 | 5280638
C15H16010
15 Quercetin-3-O- | 43 766 | pg1- [M—H] 463.0877 | 463.0882 | —1.1 | 93.68 | 3 | 5280804
glucoside C21H20012
16 Campesterol 1458 | ESI+ | [M+H-H.O]° | 38336 | 38336 | 13 | 939 | 3 | 173183
C28H480
17 18-Oxooleate 2502 | ESI- [M-H] 29522 | 29522 | 00 | 965 | 3 | 5312531
C18H3203
1g | Iromoteolidela | o7 gg5 | Egyy [M+Na]* | 520.3141 | 529.3136 | 0.9 | 97.08 | 3 | 44584509
C28H4607
19 Brassicasterol 27.95 | ESI+ | [M+H-H.O]* | 381.34 | 38134 | 13 | 948 | 3 | 5281327
C28H480
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Table 3: Compounds identified in the acetone extract of Brassica oleracea stem (AEBQOS)

S. Compound Name and . Error | Score PubChem
No. Formula RT (min)| Mode Adduct Obs. m/z | Calc. m/z (opm) | (%) MSI cID
1 | Gluconapin CiiHisNOsS> | 2505 | ESI- | [M-H]" | 358.09 | 35800 | —22 | 924 | 3 | 9548635
2 | Valinopine CioHisN:-Os | 2505 | ESI+ | [M+H]* | 24712 | 24712 | —24 | 929 | 3 | 164525
g |Kaempferol-3-O-rutinoside) 4751 | pop | [M-H] |593.1511| 593.1506 | 0.8 | 91.02 | 3 | 5318767
C27H30015
4 | Sinapaldehyde CiHiOs | 17.16 | ESI+ | [M+H]* | 209.08 | 20008 | —29 | 956 | 3 | 637511
5 Farnesol CisHaeO 17.73 | ESI+ | [M+H-H.0]'| 205.19 | 20519 | 0.0 | 975 | 3 | 445070
6 | Neocnidilide CoHisO> | 17.16 | ESI+ | [M+H]* | 19513 | 19513 | —26 | 913 | 3 | 73169
7 | Linoleicacid CisH»0. | 17.81 | ESI- | [M-H]" | 27923 | 27923 | 00 | 951 | 3 | 5280450
8 | Glucoerucin C-HNOoSs | 27.893 | ESI- | [M-H]" |420.1171] 420.1176 | -1.2 | 97.21 | 3 | 9548636
9 | Stigmasterol C»HssO | 27.95 | ESI+ |[M+H-H.O]' | 395.36 | 39536 | 13 | 97.1 | 3 | 5280794
10 |  Saponin B CasHsoOz0 2747 | BESI- | [M-H] | 92750 | 92750 | 08 | 942 | 3 | 441022
11 '”do'eéﬁ?\tl‘z“'”"e 20365 | ESI+ | [M+H]* |157.0760| 157.0766 | -3.8 | 91.45 | 3 | 351159
12 Phytosphingosine 21910 | ESI+ | [M+H]* |318.3003| 318.3003 | 0.0 | 94.49 | 3 | 122121
C18H39NO3
13 Chlorogenic acid 1287 | ESI- | [M-H]" | 353.08 | 353.08 | —14 | 934 | 3 | 1794427
C16H1809
x0? 2.04 + TCCScan 20240605 Brassica oleracea ethanolic extract
ol o 850
154 230 e 16.30
124 - 510 21.20
101 420
0.8 1 080 [ 10 20 s
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Figure 1: Representative HR-LC-MS base peak chromatogram of ethanolic extract of Brassica oleracea stem showing major
compound peaks with retention times.

x107

2.0 4

184

1.0+
0.8 1

0.5 1

L) L)

0.2

0

+ TCC Scan 20240605 Brassica oleracea acetone extract

18.90

15.60

12.30

——

22.40

0 2 4 6

8

10

12 14 16 18
Counts vs. Acquisition Time (min}

20

22

24

26

28

30

Figure 2: Representative HR-LC-MS base peak chromatogram of acetone extract of Brassica oleracea stem displaying the
distribution of identified metabolites.

Journal of Applied Pharmaceutical Research (JOAPR)| September — October 2025 | Volume 13 Issue 5 | 260



Journal of Applied Pharmaceutical Research (JOAPR) 13(5); 2025: 254 — 270

Ghogare et al.

Table 4: Lipinski's Rule of Five and Veber's Rule Parameters for All Compounds

Compound Name (gl\//lrxgl) LogP | TPSA (U) HBA HBD VLi(I)FIJ;rt]isokr:s Bloa\sli‘g?:'“ty
Salicylamide 137.14 1.28 63.32 2 2 0 0.85
Kaempferol-3-O-sophoroside 610.52 -2.26 269.43 16 10 3 0.17
Sinigrin 397.46 -3.24 227.45 10 5 2 0.17
N1,N8-Diacetylspermidine 229.32 -0.19 81.14 4 2 0 0.55
Proacaciberin 437.53 -3.48 256.68 11 6 2 0.17
N-butanoyl-L-homoserine lactone 171.19 0.51 55.40 3 1 0 0.85
Cappariloside A 334.28 -1.48 165.14 5 1 0.55
(E)-4-Nitrostilbene 225.24 3.48 45.82 2 0 0 0.55
Neoglucobrassicin 503.52 -2.78 265.74 12 6 3 0.17
Brassicanal A 191.25 2.18 48.22 2 1 0 0.55
3,6’-Disinapoyl sucrose 754.73 -1.05 324.52 19 9 3 0.17
Girgensonine 302.50 4.59 20.23 1 1 0 0.55
Glucobrassicin 447.46 -2.95 224.61 11 5 2 0.17
Sinapoylmalate 340.28 -0.38 153.75 9 4 0 0.55
Quercetin-3-O-glucoside 464.38 -1.05 210.51 12 8 2 0.55
Campesterol 400.68 7.13 20.23 1 1 1 0.55
18-Oxooleate 296.44 5.31 54.37 1 1 0.85
Iriomoteolide 1a 506.67 4.89 93.06 1 1 0.55
Brassicasterol 398.66 6.89 20.23 1 1 0.55
Gluconapin 411.49 -3.44 236.29 10 5 2 0.17
Valinopine 246.26 -3.45 146.86 7 5 1 0.56
Kaempferol-3-O-rutinoside 594.52 -1.93 269.43 16 10 3 0.17
Sinapaldehyde 208.21 1.91 55.76 1 0 0.55
Farnesol 222.37 4.23 20.23 1 1 0.55
Neocnidilide 194.23 2.11 35.53 0 0 0.55
Linoleic acid 280.45 5.98 37.30 1 1 0.85
Glucoerucin 421.51 -3.55 236.29 10 5 2 0.17
Stigmasterol 412.69 7.25 20.23 1 1 1 0.55
Saponin B 650.84 -1.36 238.60 15 8 3 0.17
Indole-3-acetonitrile 156.18 1.51 39.55 1 1 0 0.55
Phytosphingosine 317.51 4.01 72.72 4 0 0.55
Chlorogenic acid 354.31 -1.36 164.75 9 6 1 0.56

Pharmacokinetic properties of compounds from Brassica
oleracea stem extracts

Pharmacokinetic ~ profiling  revealed diverse =~ ADME
characteristics among identified compounds (Table 5).
Favorable candidates, including salicylamide, N-butanoyl-L-
homoserine lactone, and phytosphingosine,
demonstrated high gastrointestinal absorption, compliance with
Ghose/Egan/Muegge filters, and minimal CYP450 inhibition
(Table 5). Conversely, large glucosinolates and glycosylated

18-oxooleate,

flavonoids exhibited poor oral bioavailability, characterized by
low GI absorption and P-glycoprotein substrate status, which
limited systemic exposure. Notably, several phytosterols
(campesterol, stigmasterol, brassicasterol) showed CYP450
multi-inhibition potential, warranting caution regarding drug-
drug permeability was
generally low across compounds, suggesting peripheral rather
than central activity is advantageous for targeting diabetic
neuropathy without CNS side effects.

interactions. Blood-brain barrier
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Table 5: Pharmacokinetic properties of identified compounds
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8 o S | <8 |38l o08|og| 8|84 8| < & | 8o
< o 7 — = Q5| NE NS | ©F asd o I =) = =
Compound Name m o a8 | a2 a2 | a8| a8 | 8egc (<) S = 3
- > > = S| > | ><c| >=< EJq O w S on
(O] an} ] = > c = = = o = S =
m o — Q= — — — 38. 5]
[

Ethanolic extract

Salicylamide High | Yes | No No No No No No -6.04 | Yes| Yes | Yes
Kaempferol-3-O-
sophoroside

o
o
a1

Low | No Yes No No No No No -10.59 | No No No 0.17

Sinigrin Low | No No No No No No No -11.10 | No | No No 0.17
_ ONLN8 b | No | No | No | No | No | No | No | -855 |Yes| Yes | Yes | 055
Diacetylspermidine
Proacaciberin Low | No No No No No No No -11.63 | No | No No 0.17
N-butanoyl-L-

. High | Yes | No No No No No No -6.62 | Yes| Yes | Yes | 0.85
homoserine lactone

Cappariloside A Low | No | Yes No No No No No -958 | No| Yes | Yes | 0.55
(E)-4-Nitrostilbene | High | Yes | No Yes No Yes No No -5.07 |Yes| Yes | Yes | 0.55
Neoglucobrassicin | Low | No | Yes No No No No No -11.23 | No | No No 0.17

Brassicanal A High | Yes | No Yes No No No No -5.63 |Yes| Yes | Yes | 0.55
3,6’-Disinapoyl
sucrose
Girgensonine High | Yes | No Yes Yes Yes No Yes -4.38 |Yes| Yes | Yes | 0.55
Glucobrassicin Low | No | Yes No No No No No -10.84 | No | No No 0.17
Sinapoylmalate High | No | Yes No No Yes No No -9.00 |Yes| Yes | Yes | 0.55
Quercetin-3-0O-
glucoside
Campesterol Low | No No No Yes Yes Yes No -2.16 | No | Yes No 0.55
18-Oxooleate High | Yes | No No No No No No -3.45 | Yes| Yes | Yes | 0.85

Iriomoteolide 1a Low | Yes | Yes No No No No No -4.34 | No | Yes No 0.55

Low | No Yes No No No No No -12.02 | No No No 0.17

Low | No Yes No No No No No -9.87 | No No Yes 0.55

Brassicasterol Low | No No No Yes Yes Yes No -2.35 | No | Yes No 0.55
Acetone Extract
Gluconapin Low | No No No No No No No -11.44 | No | No No 0.17
Valinopine Low | No No No No No No No -11.39 | No | No Yes | 0.56
Kae:ﬂg:}f)r:i'(;es'o' Low | No | Yes | No | No | No | No | No |[-1035|No| No | No | 0.17
Sinapaldehyde High | Yes | No Yes No No No No -5.64 |Yes| Yes | Yes | 0.55
Farnesol High | Yes | No Yes Yes Yes No Yes -3.44 | Yes| Yes | Yes | 0.55
Neocnidilide High | Yes | No Yes No No Yes No -5.28 | Yes| Yes | Yes | 0.55
Linoleic acid Low | No No No No No No No -2.78 | No | Yes | Yes | 0.85
Glucoerucin Low | No No No No No No No -11.51 | No | No No 0.17
Stigmasterol Low | No No No Yes Yes Yes No -2.11 | No | Yes No 0.55
Saponin B Low | No | Yes No No No No No -10.66 | No | No No 0.17

18-Oxooleate High | Yes | No No No No No No -3.45 | Yes| Yes | Yes | 0.85
Indole-3-acetonitrile | High | Yes | No Yes No No No No -5.93 |Yes| Yes | Yes | 0.55
Phytosphingosine | High | No No No No No No No -4.71 | Yes| Yes | Yes | 0.55
Chlorogenic acid Low | No | Yes No No No No No -9.51 | No| No Yes | 0.56
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Table 6: Molecular docking results of Brassica oleracea stem compounds against human aldose reductase (PDB: 1US0)

Binding . .
Compound Energy Ki H- Hydrophoblc Key Interacting Residues
(uM) | bonds | interactions
(kcal/mol)
4-Nitrostilbene 101 | 0036 | 1 4 PRO310, CYS80, CYS303, TRP111, LEU300, VAL47
18-Oxooleate 75 316 | 2 9 THR113, TRP111, LEU300, TRP20, PHE122, TRP219
Brasicanal A 8.6 049 | 2 5 TRP111, CYS303, LEU300, CYS80
Brassicasterol 1.1 | 0.0065 | 0 9 TRP111, VAL47, LEU300, CYS303, TRP20
Campesterol -85 058 | 0 7 PHE122, VAL47, CYS298, LEU124, TRP20, TRP111
Cappariloside A -8.0 133 | 2 3 TRP20, GLN49, PHE122, LEU300
Chlorogenic acid -9.4 013 | 2 3 TRP20, GLN49, PHE122, LEU300
Disinanov] sucrose 80 133 | 4 " TRP20, LEU301, ALA299, TRP111, TRP219, CYS80,
oy : : CYS303, TRP79, PHE115, PHE122, LEU300
Farmesol 8 0a | o 17 TRP111, NDP318, LEU300, CYS303, CYS80, TRP20,
: : TRP79, PHE115, PHE122, TYR309
. . THR113, CYS80, TRP111, TRP20, TRP79, HIS110,
Girgensonine -9.9 0.055 1 8 LEU300, CYS303
- TYR48, GLN49, LEU300, CYS80, TRP219, TRP20,
Glucobrassicin -10.2 0.031 2 6 TRP111, CYS303
Glucoerucin 71 520 | 2 o TYR48, TRP111, VAL47, NDP318, TRP219, TYR309,
: : LEU300, CYS303, PHE115, PHE122
Gluconapin 7.4 381 | 5 4 TRP20, CYS80, TYR309, TRP111, TYR48, CYS298
Indole-3 acetonitrile -8.9 0.30 1 7 TRP111, LEU300, CYS80, CYS298, CYS303
Iriomoteolide 1a -6.7 12.0 1 3 TRP219, VAL47, PHE122
Kaempferol 3-O- 79 | 156 | 8 6 TRP111, ALA299, LEU300, CYS80, TRP20, TRP219
sophoroside
Kaeﬂj‘g‘;g;'{fo' 79 | 156 | 2 8 TRP111, TRP219, PHE122, VALA47, CYS298, LEU300
L TRP111, VAL47, LEU300, CYS303, CYS298, PRO310,
Linoleic acid 80 133 1 20 TRP20, TYR48, PHE122, TRP219, TYR309
8_
NN 65 | 169 | 3 1 CY$S80, THR113, TRP20
Diacetylspermidine
N-Butyryl-L- 6.7 120 | 2 3 TRP111, CYS298, LEU300
homoserine lactone
- LEU300, CYS303, CYS298, NDP318, TRP20, TRP79,
Neocnidilide -8.2 0.95 0 12 HIS110, TRP111
— TYR48, TRP111, LEU300, CYS298, CYS303, CYS80,
Neoglucobrassicin -8.4 0.68 6 9 ALA299, TYR309, PHE311
.. GLN49, TRP20, TRP111, VAL47, CYS303, CYS298,
Phytosphingosine 6.7 120 | 1 25 NDP318, LEU300, TYR48, TRP79, PHE122, TYR309
Droacaciberin 80 133 | s R ALA299, GLN49, TRP20, TRP111, CYS303, LEU300,
PHE122
ng:sﬁg;-dse-o- 7.4 381 | 7 5 TRP20, TRP111, CYS298, NDP318, TYR48, VAL4T
Salicylamide 7.6 266 | 1 4 CYS80, TRP11L, LEU300, CYS303
Saponin B 52 | 11500 7 2 GLY128, PRO218, VAL297, TRP20
. THR113, HIS110, PHE122, NDP318, LEU300, TYR48,
Sinapaldehyde -6.8 10.4 2 8 TRP111, TRP219
Sinapoyl malate 72 525 | 2 3 TRP111, CYS298, TRP20, PHE122, VAL47
Sinigrin 6.5 169 | 3 5 TRP111, HIS110, TYR48, LEU300, CYS303, PHE122
Stigmasterol -8.9 030 | 0 6 VAL47, CYS298, LEU124, TRP111, PHE122
Valinopine -8.9 030 | 0 6 VAL47, CYS298, LEU124, TRP111, PHE122
Epalrestat (Std) 9.9 | 0.0546| 2 4 TRP20,CYS303, CYS80,TRP219, TRP11, LEU300
Sorbinil (std) 94 | 0126 | 1 4 CYS80, LEU300, TRP111, CYS303

RMSD/Ib (lower bound) & RMSD/ub (upper bound) values were 0.00 A for all conformations, indicating excellent alignment with
the reference structure. Ki values were calculated using the formula: Ki = eN(AG/RT), where R = 1.987 x 1073 kcal/(mol'K) & T =
298.15 K.
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Molecular Docking Studies Against Human Aldose
Reductase

Molecular docking revealed diverse binding affinities of
phytochemicals against aldose reductase (Table 6). Top-
performing compounds included brassicasterol (—11.1 kcal/mol,
Ki = 0.0065 uM), glucobrassicin (—10.2 kcal/mol, Ki = 0.031
uM), 4-nitrostilbene (—10.1 kcal/mol, Ki = 0.036 uM), and
girgensonine (—9.9 kcal/mol, Ki = 0.055 uM), demonstrating

comparable or superior binding energies to reference inhibitors

STRUCTURE-ACTIVITY RELATIONSHIP AND LEAD COMPOUNDS

epalrestat (—9.9 kcal/mol) and sorbinil (—9.4 kcal/mol) (Table 6).
Key interactions involved critical active site residues including
Trp20, Trplll, His110, Tyr48 (anion binding pocket), and
Cys298, Cys303, Leu300 (specificity pocket). Notably, saponin
B exhibited positive binding energy (+5.2 kcal/mol), indicating
unfavorable binding.

These computational findings warrant in vitro enzyme inhibition
assays to validate predicted binding affinities and establish
structure-activity relationships.

Figure 3: 3D Molecular docking poses of top-ranking compounds: (A)18-Oxooleate, (B)Indole-3-acetonitrile, (C)Salicylamide
(D)Phytosphingosine (E)Epalrestat & (F)Sorbinil bound to human aldose reductase active site.
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Figure 4: D Molecular docking poses of top-ranking compounds: (A) 18-Oxooleate, (B) Indole-3-acetonitrile, (C)
Salicylamide (D) Phytosphingosine (E) Epalrestat and (F) Sorbinil bound to human aldose reductase active site.
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Figure 5: Chemical structures of top-ranking lead compounds identified from Brassica oleracea stem extracts with optimal
drug-likeness and aldose reductase inhibitory potential. The compounds shown are: 18-Oxooleate (PubChem ID: 5312531,
binding energy: -7.5 kcal/mol, bioavailability: 0.85), Indole-3-acetonitrile (PubChem ID: 351159, binding energy: -8.9
kcal/mol, bioavailability: 0.55), Salicylamide (PubChem ID: 5147, binding energy: -7.6 kcal/mol, bioavailability: 0.85), and
Phytosphingosine (PubChem ID: 122121, binding energy: -6.7 kcal/mol, bioavailability: 0.55). These natural compounds
demonstrated favorable binding affinities combined with excellent ADME profiles including high gastrointestinal
absorption, minimal CYP450 inhibition, and compliance with Lipinski's Rule of Five, representing promising orally
bioavailable therapeutic candidates for diabetic neuropathy treatment.

DISCUSSION
A rich variety of bioactive secondary metabolites was found in

Brassica oleracea stem extracts during the phytochemical
analysis, in line with previous studies of Brassicaceae plants.
Ethanol extracted a much wider range of compounds than
acetone, which supports established principles that reveal polar
solvents like ethanol preferentially extract glycosides, phenolic
compounds, and alkaloids, while semi-polar acetone mainly
extracts terpenoids and compounds with lower polarity [46].
Earlier studies have suggested that typical Brassica species are
rich in flavonoids, which are connected to strong antioxidant and
anti-inflammatory properties [47]. The presence of saponins
only in the ethanolic extract indicates the superior ability of
ethanol for extracting these compounds from cruciferous
vegetables, as has been reported before [48]. This research
demonstrates that selecting multiple extraction methods
enhances the diversity of health-promoting phytochemicals
recovered from plants.

A total of 33 bioactive compounds were identified in Brassica
oleracea stems through HR-LC-MS profiling, which is
substantially higher than previously reported for the same
tissues. The detection of key metabolites, including 18-
Oxooleate (96.52% score), Indole-3-acetonitrile (91.45% score),
Salicylamide (97.00% score), and Phytosphingosine (94.49%

score), demonstrates the analytical method's suitability and
indicates the medicinal value of B. oleracea stem waste [49].
The high identification scores (generally above 90%) ensure
reliable compound assignments,
metabolomics studies on Brassica vegetables [50]. Since
scientists have found both simple phenolics and complex
glycosylated compounds in the stem, this supports the use of
agricultural developing novel pharmaceutical
compounds [51]. The drug-likeness and ADME profiling
revealed that compounds with optimal pharmacokinetic
properties warrant prioritization for the development of aldose
reductase inhibitors. Unlike many glycosylated plant
metabolites that showed poor oral bioavailability, four lead
compounds, 18-Oxooleate, Indole-3-acetonitrile, Salicylamide,
and Phytosphingosine, demonstrated exceptional ADME
profiles characterized by high gastrointestinal absorption,
minimal CYP450 enzyme inhibition, and compliance with
Lipinski's Rule of Five (Table 5). The high bioavailability scores
of 18-Oxooleate and Salicylamide (0.85) surpass those of many
natural product-derived drugs, suggesting excellent oral drug-
likeness [52]. Plant secondary metabolites typically struggle to
meet the Ghose, Egan, and Muegge drug-likeness criteria, unlike
synthetic pharmaceutical drugs [53]. However, our lead
compounds successfully passed all three filters, indicating their
pharmaceutical potential. The absence of CYP450 inhibition for

consistent with recent

waste for
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18-Oxooleate, Salicylamide, and Phytosphingosine minimizes
the risk of drug-drug interactions commonly observed with plant
polyphenol therapeutics [54]. Notably, Indole-3-acetonitrile,
despite showing CYP1A2 inhibition, demonstrated the strongest
binding affinity among the lead compounds while maintaining
favorable ADME characteristics, reflecting current trends
towards selecting orally delivered drugs that originate from
nature [55].

The molecular docking results demonstrate that compounds
from Brassica oleracea stem with optimal ADME profiles
maintain significant aldose reductase inhibitory potential,
offering a balanced approach to drug development (Table 6,
Figures 3-5). While compounds like brassicasterol (-11.1
kcal/mol) and glucobrassicin (-10.2 kcal/mol) exhibited superior
binding energies, their poor bioavailability
therapeutic applicability. In contrast, our lead compounds
demonstrated clinically relevant binding affinities: Indole-3-
acetonitrile (-8.9 kcal/mol, Ki = 0.30 pM) approached the
potency of reference inhibitors epalrestat (-9.9 kcal/mol) and
sorbinil (-9.4 kcal/mol), while maintaining drug-like properties.
The binding profile of Indole-3-acetonitrile, characterized by
interactions with critical residues TRP111, LEU300, CYS80,
CYS298, and CYS303, mirrors the binding patterns of
successful aldose reductase inhibitors [56]. CYS303 has been
identified as playing a vital role in the active site of aldose
reductase, determining inhibitor binding specificity and
interaction strength. 18-Oxooleate demonstrated moderate
binding affinity (-7.5 kcal/mol) but compensated with the
highest bioavailability score (0.85) and formation of hydrogen
bonds with THR113 while engaging nine hydrophobic
interactions involving key residues TRP111, LEU300, TRP20,
PHE122, and TRP219. This binding pattern suggests potential
for optimization through structural modifications to enhance
potency while maintaining favorable pharmacokinetics [57].
Salicylamide, despite its smaller molecular structure and
moderate binding energy (-7.6 kcal/mol), exhibited excellent
drug-likeness with zero Lipinski violations and optimal
bioavailability (0.85). Its interactions with CYS80, TRP111,
LEU300, and CYS303 target residues within both the anion
binding pocket and specificity pocket, suggesting a balanced
inhibitory mechanism [58].

oral limits

Phytosphingosine displayed unique characteristics among the
lead compounds, with 25 hydrophobic interactions engaging

extensively with the aldose reductase binding site despite
moderate binding energy (-6.7 kcal/mol). The extensive
hydrophobic network involving GLN49, TRP20, TRP111,
VAL47, CYS303, CYS298, LEU300, and TYR48 suggests a
potential for a long residence time at the active site, which may
compensate for the moderate binding affinity observed in
enzymatic assays [59]. The lack of blood-brain barrier
permeability for Phytosphingosine represents an advantage for
treating diabetic neuropathy, as it ensures peripheral selectivity
and reduces potential central nervous system side effects [60].

The superior ADME profiles of these four compounds,
combined with their documented natural occurrence and
favorable binding affinities, position them as promising leads for
the treatment of diabetic neuropathy. Unlike synthetic aldose
reductase inhibitors that have faced clinical challenges due to
hepatotoxicity and inadequate safety margins [61], these
naturally derived compounds may offer improved tolerability
profiles. The convergence of computational predictions with
established ethnopharmacological use of Brassica species
supports their therapeutic potential and warrants immediate
progression to in vitro enzyme inhibition assays and subsequent
in vivo validation studies.

CONCLUSION
A comprehensive investigation of Brassica oleracea stem

extracts identified four lead compounds: 18-Oxooleate, Indole-
3-acetonitrile, Salicylamide, and Phytosphingosine, which
exhibited optimal aldose reductase inhibitory potential and
superior drug-likeness properties for the treatment of diabetic
neuropathy. Unlike compounds with stronger binding energies
but poor oral bioavailability, these candidates demonstrated the
critical convergence of computational efficacy and
pharmaceutical feasibility, exhibiting high gastrointestinal
absorption (with bioavailability scores ranging from 0.55 to
0.85), minimal CYP450 inhibition, and compliance with
Lipinski's Rule of Five. Indole-3-acetonitrile exhibited the
strongest binding affinity (-8.9 kcal/mol), comparable to that of
reference inhibitors epalrestat and sorbinil, while maintaining
zero Lipinski violations. The natural origin of these metabolites
from agricultural waste supports sustainable drug development,
potentially offering improved safety profiles compared to
synthetic alternatives that face hepatotoxicity challenges. These
findings warrant immediate progression to in vitro enzyme
inhibition assays, structure-activity optimization, and in vivo
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validation studies for clinical translation in the management of
diabetic neuropathy.

ABBREVIATIONS
ADME: Absorption, Distribution, Metabolism, and Excretion;

AR: Aldose Reductase; ARI: Aldose Reductase Inhibitor; BBB:
Blood-Brain Barrier; CYP: Cytochrome P450; DPN: Diabetic
Peripheral Neuropathy; DCAN: Diabetic Cardiovascular
Autonomic Neuropathy; EEBOF: Ethanolic Extract of Brassica
oleracea Flower; EEBOS: Ethanolic Extract of Brassica
oleracea Stem; AEBOF: Acetone Extract of Brassica oleracea
Flower; AEBOS: Acetone Extract of Brassica oleracea Stem;
Gl: Gastrointestinal, HBA: Hydrogen Bond Acceptors; HBD:
Hydrogen Bond Donors; HR-LCMS: High-Resolution Liquid
Chromatography-Mass Spectrometry; LogP: Logarithm of
MW: Molecular Weight; NADPH:
Nicotinamide Adenine Dinucleotide Phosphate; PDB: Protein
Data Bank; P-gp: P-glycoprotein; TPSA: Topological Polar
Surface Area; TYR: Tyrosine; TRP: Tryptophan; GLN:
Glutamine; CYS: Cysteine; VAL: Valine; PHE: Phenylalanine;
LEU: Leucine; ASN: Asparagine; ARG: Arginine; GLU:
Glutamic Acid; LYS: Lysine; PRO: Proline; THR: Threonine;

Partition Coefficient;

SER: Serine; HIS: Histidine; ILE: Isoleucine; MET:
Methionine.
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