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IN SILICO STUDY OF PHYSICOCHEMICAL, PHARMACOKINETIC AND
TOXICOLOGICAL PROPERTIES OF 5-LIPOXYGENASE INHIBITORS

Ana Markovié

5-Lipoxygenase (5-LO) is an important enzyme involved in the production of
leukotrienes, arachidonic acid metabolites which directly affect the development of the
inflammatory reaction associated with numerous pathophysiological conditions. As a result,
the discovery and development of selective 5-LO inhibitors for therapeutic use became a
subject of active research. The study aimed to conduct first a literature review of the most
potent synthetic 5-LO inhibitors (with ICso values below 1 pM), focusing on their chemical
structure, and then an in silico study of their basic physicochemical, pharmacokinetic and
toxicological properties. The results showed that the investigated 5-LO inhibitors differed
significantly in their physicochemical, pharmacokinetic and toxicological profiles. About half
of the investigated 5-LO inhibitors fulfilled Lipinski’s rule of five and Veber’s rule, i.e., their
good oral bioavailability was predicted, and were also predicted as compounds with no risk
of mutagenic, tumorigenic, reproductive and/or irritant effects. The ability to permeate
through Caco-2 cells, the possibility of intestinal absorption and the possibility of passing
through the blood-brain barrier were predicted for a small number of tested compounds.
Taken together, favorable physicochemical and toxicological properties were predicted for
32 out of a total of 99 tested compounds, while the most favorable pharmacokinetic profile
was shown by the benzylidene derivative 22.
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Introduction

Arachidonic acid is an essential
polyunsaturated fatty acid that enters the body
through food. The tetraene structure is
responsible for its physiological activity, and by
introducing appropriate ‘-yne’ bonds instead of
that structure, the physiological role of
arachidonic acid is inhibited. 5-Lipoxygenase (5-
LO) is an important enzyme involved in the
production of leukotrienes, metabolites of
arachidonic acid that have very significant
physiological and pathophysiological functions.
The 5-LO activity requires the presence of 5-LO
activating protein, which is involved in the
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process of arachidonic acid activation. In a
radical-type reaction, an unstable hydroperoxide
is first formed, which is transformed into the
corresponding leukotriene A4, which is further
metabolized to leukotriene B4 or C4 (1). Under
the direct influence of leukotrienes, the
development of an inflammatory reaction occurs,
which is associated with numerous
pathophysiological conditions, such as asthma,
allergies, cardiovascular and autoimmune
disorders. Due to the significant
pathophysiological role of leukotrienes, work is
being done to develop pharmacological concepts
that will either block their action or inhibit their
biosynthesis. Therefore, 5-LO is considered a
potential target in the fight against inflammation,
and the discovery and development of selective
5-LO inhibitors for therapeutic use is the subject
of active research (2-5). According to the
mechanism of action, 5-LO inhibitors can be
classified into four basic groups: redox, non-
redox (competitive), iron chelators and allosteric
inhibitors (2). Based on these four mechanisms
of action, numerous groups of compounds were
synthesized and further tested as 5-LO inhibitors.
This paper provides a review of synthetic organic
compounds tested for 5-LO inhibition,
highlighting the most potent representatives
(IC50 < 1 pM) and their chemical structure (Table
1, Figures 1-6).
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Table 1. Groups of synthetic organic compounds tested for 5-LO inhibition, including the most
potent representatives and their I1Csq values

Comp. " 1Cs0 (MM) " Ref. Comp. " 1Cs0 (M) || Ref. Comp. || 1Cs0 (M) || Ref.
Benzimidazole derivatives Caffeic acid derivatives Naphthalene derivatives
0.438 (6) 33 0.13 (23) 67 0.042 (41)
0.12 (@) 34 0.24 (10) 68 0.063 42)
0.16 @ 35 0.18 (24) 69 0.079 (42)
Benzodithiazole derivatives 36 0.36 24) Is(oxazole) derivatives
0.15 3) 37 0.49 (25) 70 0.12 (43)
5 0.18 3) 38 0.53 (25) 71 0.24 44)
Benzo(b)furan derivatives Coumarin derivatives 72 0.24 44)
0.04 ) 39 0.07 (26) Phloroglucinol derivatives
0.04 ©) 40 0.052 (26) 73| 0.46 | @5
Benzoic acid derivatives 41 0.088 (26) Propionic/propenoic acid deriv.
0.18 (10) 42 0.0021 27) 74 0.25 (46)
0.21 (10) 43 0.0028 27 75 0.28 “47)
10 0.004 (11) Diphenylpropinones 76 0.5 (48)
11 0.006 (11) 44 0.1 (28) Pyrazole derivatives
12 0.1 12) 45 0.3 (28) 77 0.003 (49)
13 0.11 (13) 46 0.3 (28) 78 0.35 (50)
Benzoquinone derivatives Furanone derivatives 79 0.39 (51)
14 0.28 (14) 47 0.28 (29) 80 0.47 (51)
15 0.78 (14) 48 0.30 (29) Pyrimidine derivatives
16 0.58 (14) Imidazole derivatives 81 0.6 (52)
17 0.029 (15) 49 0.07 (30) 82 0.2 (53)
Benzothiophene derivatives 50 0.23 (31) 83 0.2 (53)
18 | 0.021 | ae 51 0.32 (32) 84 0.2 (53)
Benzoxazole derivatives Imidazo(1.2-a)pyridines 85 0.2 (53)
19 0.12 a7 52 0.08 33) Pyrrolizine derivatives
20 0.95 a7 53 0.1 (33) 86 0.18 (54)
Benzylidene derivatives 54 0.06 33) 87 0.18 54)
21 0.16 (18) 55 0.030 34) Thiazole derivatives
22 0.17 (18) 56 0.032 (34) 88 0.127 (55)
Carbamate derivatives Indole derivatives 89 0.3 (56)
23 0.048 (19) 57 0.3 (35) 90 0.6 (56)
24 0.057 (19) 58 0.74 (36) 91 0.05 (57)
25 0.068 (19) 59 0.85 (36) 92 0.05 (57)
Chalcone derivatives 60 0.6 @37) 93 0.9 (58)
26 0.0024 (20) 61 0.0086 (38) Thiazolinone derivatives
27 0.0038 (20) 62 0.0097 (38) 94 0.09 (59)
28 0.42 (21) 63 0.086 (39) 95 0.12 (59)
29 0.45 (21) 64 0.17 (40) 96 0.08 (60)
30 0.45 (21) 65 0.22 (40) Triazole derivatives
Chromane derivatives 66 0.20 (40) 97 0.9 (61)
31 0.050 22) 98 0.2 (62)
32 0.173 (22) Triblock conjugates
900 | 0.0015 | 63
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Figure 1. Chemical structures of 5-LO inhibitors: benzimidazole (1-3), benzodithiazole (4, 5),
benzo(b)furan (6, 7), benzoic acid (8—13) and benzoquinone (14—17) derivatives
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Figure 2. Chemical structures of 5-LO inhibitors: benzo(b)thiophene (18), benzoxazole (19, 20),
benzylidene (21, 22), carbamate (23—-25), chalcone (26—30) and chromane (31, 32) derivatives

41



Acta Medica Medianae 2024, Vol.63(4) In silico study of physicochemical, pharmacokinetic...

o
o
HO se HO,
How /\/@ :G/\)ko/\/ \© :Q/\/\O/\/\Q
o
35
HO 34 HO
HO 33

o

o
HO
AN HO
© x ~ o
HO oH o 37
N
36 X o o on

1 O e g S o o FaC o
HO s o o
N ’ O H
G
HO Z
38
39 O 40 N
FsC s \3
s o, o
Hi
O / g S@
o o o N//\N
41 H
O 42 H
al

o N\

Figure 3. Chemical structures of 5-LO inhibitors: caffeic acid (33—=38), coumarin (39—-43),
diphenylpropinone (44—-46) and furanone (47, 48) derivatives
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Figure 4. Chemical structures of 5-LO inhibitors: imidazole (49-51), imidazo(1,2-a)pyridine
(52-56) and indole (57—66) derivatives

43



Acta Medica Medianae 2024, Vol.63(4) In silico study of physicochemical, pharmacokinetic...

44

W@ lecaclecns

@w.ﬁ

H

Figure 5. Chemical structures of 5-LO inhibitors: naphthalene (67—-69), (is)oxazole (70-72),
phloroglucinol (73), propionic and propenoic acid (74—-76), pyrazole (77—-80) and pyrimidine
(81—-85) derivatives
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Figure 6. Chemical structures of 5-LO inhibitors: pyrrolizine (86, 87), thiazole (88—-93),
thiazolinone (94—-96), triazole (97, 98) derivatives and triblock conjugates (99)

Aim
The aim of this study was an in silico study
of the physicochemical, pharmacokinetic and

toxicological characteristics of selected 5-LO
inhibitors (1—-99).

Material and Methods

Physicochemical properties of 5-LO
inhibitors (1—-99) were predicted using the
Molinspiration tool (64), pharmacokinetic
properties were predicted using ADMETIab 2.0.
software (65), and the toxicological properties of

the examined 5-LO inhibitors were predicted

using DataWarrior (66) and Toxtree (67)
softwares.

Results and Discussion

Physicochemical properties of 5-LO

inhibitors

Based on the predicted physicochemical
properties, the biological availability of the tested
compounds in in vitro and/or in vivo conditions
can be assumed. Octanol/water partition
coefficient (mjLogP) values indicate the
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lipophilicity of the investigated compounds.
Compounds with mLogP values less than 5 are
considered hydrophilic, i.e., they are predicted to
show sufficiently good oral bioavailability.
Compounds with m;LogP values above 5 are
predicted to be lipophilic, that is, to show poor
oral bioavailability (68). Oral bioavailability can
also be predicted on the basis of the polar
surface area of the molecule. Thus, sufficiently
good oral bioavailability is predicted for
compounds with topological polar surface values
below 140 A? (69-71). The capacity to form
hydrogen bonds can be represented by the
number of hydrogen bond donors (nguny) and the
number of hydrogen bond acceptors (noy). The
number of rotatable bonds (n,;) indicates
conformational flexibility, which is another
important factor for optimal bioavailability. For
compounds with less than 10 hydrogen bond
acceptors, less than 5 hydrogen bond donors,
and less than 10 rotatable bonds, good oral
bioavailability is predicted (69).

Summarizing the in silico predicted
physicochemical parameters (Table 2), 50 of the
99 compounds (1, 4-6, 8—11, 13-16, 18, 22,
26, 27, 33—-35, 37, 38, 42-51, 57-62, 67,
68, 70, 74-76, 78-80, 89, 90, 94, 95)
fulfilled Lipinski’s rule of five and Veber’s rule
(mjLogP < 5, TPSA < 140 A?, noy < 10, Noun <

5, Nt £ 10, M, < 500), which predicts their good
oral bioavailability.

Pharmacokinetic properties of 5-LO
inhibitors
The results obtained from an in silico

pharmacokinetic study (Table 3) indicate that a
small number (24 compounds) of the tested 5-LO
inhibitors (1—99) were predicted with the ability
to permeate through Caco-2 -cells, epithelial
human colon cancer cells used as a model for
assessment of human intestinal permeability (72,
73). The ability to pass through the blood-brain
barrier and penetrate the central nervous system
was also predicted for a minority of the
investigated 5-LO inhibitors (20 out of 99
compounds). The possibility of intestinal
absorption was predicted for only four
compounds (12, 22, 36 and 99). Slightly more
than half of the tested 5-LO inhibitors (55 out of
99 compounds) were potentially not inhibitors,
and the vast majority (86 out of 99 compounds)
were potentially not substrates of P-glycoprotein,
an efflux membrane transporter that mediates
the transfer of structurally diverse substrates
through the cell membrane. This transmembrane
protein is important for the absorption of orally
administered drugs, as well as for penetration
through the blood-brain barrier (74-77).

Table 2. Physicochemical properties of 5-LO inhibitors predicted by Molinspiration (64)

Physicochemical
properties

Compounds

2,3,17,19-21, 24, 25, 28, 29, 31, 32, 39-41, 52-56, 63-66, 69, 71-73, 8188,

miLogP” > 5 91-93, 96, 97
1, 4-16, 18, 22, 23, 26, 27, 30, 33-38, 42-51, 57-62, 67, 68, 70, 74—80, 89, 90,
miLogP < 5
94, 95, 98, 99
TPSAP > 140 A2 73, 99
TPSA < 140 A2 1-72, 74-98

M,° > 500 23-25, 28, 30-32, 36, 39-41, 73, 77, 83-85, 97-99

M, < 500 1-22, 26, 27, 29, 33-35, 37, 38, 42-72, 74-76, 78—82, 86—96
non® > 10 99

Non < 10 1-98

NownH® = 5 12

Nornk < 5 1-11, 13-99

Niot > 10 7,17,25,31, 32,73, 81-85, 98

Nrot < 10 1-6, 8-16, 18-24, 26-30, 33-72, 74—-80, 86—-97, 99

3octanol/water partition coefficient calculated using the methodology developed by Molinspiration;
btopological polar surface of the molecule (A%); °molecular mass; %number of hydrogen bond
acceptors (O and N atoms); ®number of hydrogen bond donors (OH and NH groups); fnumber of

rotatable bonds
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Table 3. Absorption properties of 5-LO inhibitors predicted by ADMETIlab 2.0 (65)

Absorption properties

Compounds

Caco-2 cells 99

12, 13, 22, 24, 28-30, 36, 42, 43, 47, 48, 51, 59, 63—66, 73, 75-78,

Intestinal absorption 12, 22, 36, 99

Blood-brain barrier

1, 3, 22-24, 49-52, 54, 58-60, 74, 77-81, 92

P-glycoprotein inhibitor

1-3, 6,7, 13, 14, 19, 21, 22, 24, 30, 32, 35, 36, 38—41, 43, 51-56,
58-60, 63-66, 71-73, 77, 86—88, 93, 95, 98, 99

P-glycoprotein substrate

6,12, 13, 24, 42, 43, 52, 55, 56, 58, 59, 70, 98

The obtained results showed that the
examined 5-LO inhibitors (1—-99) differed from
each other in their metabolic properties,
depending on whether they were potential
substrates and/or inhibitors of certain CYP450
isoenzymes (Table 4).

Toxicological properties of 5-LO
inhibitors
The results obtained from an in silico

toxicological study (Table 5) indicate that 52
compounds (2-6, 8,9, 11-13, 16, 17, 21-27,
31, 32, 34-38, 40, 44-46, 49-51, 57-59,
70, 74, 77—-80, 86—-89, 91, 92, 94-96 and
98) were predicted with no risk of mutagenic,
tumorigenic, reproductive and/or irritating
effects, and 10 more compounds (14, 15, 19,
20, 28, 33, 68, 69, 75 and 97) were predicted
with low risk of these effects.

The identification of compounds with the
possibility of covalent binding to proteins and/or

DNA is of great importance in the assessment of
toxicity. The formation of a covalent adduct with
a biological macromolecule represents the initial
event, that is, the first step in a series that can
result in toxic effects (78, 79). Using the Toxtree
tool (67), structural predispositions of selected 5-
LO inhibitors for covalent binding to DNA and/or
proteins were evaluated, such as the possibility
of acylation, Michael addition, formation of Schiff
bases, aromatic and aliphatic nucleophilic
substitution. The results indicated that all 99
investigated compounds have at least one
structural predisposition for binding to DNA
and/or proteins (Tables 6 and 7). Given
predispositions refer to the chemical mechanism
by which a given compound can covalently
interact with a biological macromolecule, but do
not necessarily indicate that the given compound
is toxic (78, 79).

Table 4. Metabolic properties of 5-LO inhibitors predicted by ADMETlab 2.0 (65)

Metabolic properties

Compounds

CYP450 inhibitor

1A2 1,6,8-11, 14-22, 26, 27, 33-38, 42-48, 51-57, 59, 63—72, 78—86, 88—96, 98

2C19 1-4, 6-11, 13-15, 17-22, 24-29, 31, 33-50, 52—60, 62—70, 72, 73, 77, 80—99

2C9 1-16, 18, 21-23, 25-46, 48—50, 52, 55—58, 60, 62—70, 73, 77—86, 88—99

D6 6, 8, 9, 12—17, 19, 20, 23-27, 31-35, 37, 38, 40, 42, 43, 47, 52, 54-57, 59,
63-66, 70, 81, 88—92

a4 2, 3, 6, 7, 10, 11, 13-15, 18, 22-25, 27, 31-33, 35, 37, 40, 42, 43, 46, 55,

57-60, 62—64, 67, 75, 76, 81, 85, 91, 99

CYP450 substrate

2,7,13, 14, 16-20, 22-25, 27, 30, 32, 39-43, 49-51, 55, 56, 60, 66, 67, 70, 73,

1A2 74, 80, 85, 88, 91, 92, 95

2Cc19 5,7, 22, 25, 30, 32, 49-51, 58, 59

co 1-11, 13-17, 21-23, 25-37, 39, 41, 42, 45-48, 55-58, 60—66, 69, 73, 75-87,
89, 90, 93-96, 98, 99

06 2, 8,9, 13, 16, 17, 19, 22-27, 31-35, 37-40, 42, 43, 52-59, 63, 64, 66, 68, 69,
80, 85-91, 94—96

3A4 2-7, 13, 18-20, 22-25, 28—30, 39-43, 49, 50, 58—60, 62, 67, 77—80, 88, 90—93
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Table 5. Toxicological properties of 5-LO inhibitors predicted by DataWarrior (66)

Toxicological No risk Low-risk . .
S High-risk compounds
properties compounds compounds
1-9, 11-13, 16-18, 21-41,
Mutagenic effects | 43-59, 67, 70-74, 76-80, o 15:19,20. 68,69 1 10, 4, 60-66, 75, 81
82-96, 98, 99
1-9, 11-27, 29-32, 34-51, _
Tumorigenic effects 53-62, 70-74, 76-80, 33, 69, 75 é(l)’ 8 28é7 2, 63-68,
86-96, 98, 99 -85,
1-6, 8-17, 19-27, 31-38, 40, 7, 18,29, 30, 39,
. 41-43, 47, 48,
Reproductive 44-46, 49-51, 57-66,
28 52-56, 67, 71, 72,
effects 68—70, 73, 74, 77—84, 75. 76. 85. 90. 93
86—-89, 91, 92, 94-98 99’ ’ ’ ’ ’
. 2-32, 34-59, 61-72, 74,
Irritant effects 76—-96, 98, 99 33 1, 60, 73, 75, 97

Table 6. DNA binding ability of 5-LO inhibitors predicted by Toxtree (67)

Toxicological properties

Compounds

substitution

Possibility of Syl aliphatic nucleophilic | 1, 4, 5, 10, 11, 15, 19, 20, 22-25, 28-30, 42, 43,
substitution 51-60, 70, 74, 75, 81-85, 88-92, 97

Possibility of forming Schiff bases 60-62, 98

Possibility of Michael's addition 1-99

Possibility of acylation 28-30

Possibility of Sy2 aliphatic nucleophilic /

Table 7. Protein binding ability of 5-LO inhibitors predicted by Toxtree (67)

Toxicological properties

Compounds

Possibility of aromatic nucleophilic

substitution

10, 11, 24, 52-56, 67, 71, 79-81

Possibility of forming Schiff bases

98

Possibility of Michael's addition

1-99

Possibility of acylation

10, 11, 39-43, 74, 78, 98

Possibility of Sy2 aliphatic nucleophilic
substitution

2, 3, 5-7, 13, 15, 18-20, 22-25, 31-33, 35-38, 47, 48,

58, 59, 63—67, 71-74, 77, 85-87, 92, 97, 98

Conclusion

physicochemical,

and

pharmacokinetic
toxicological properties. For 32 compounds (4—6,
8,9, 11, 13, 16, 22, 26, 27, 34, 35, 37, 38,
44-46, 49-51, 57-59, 70, 74, 78-80, 89,
94 and 95), out of a total of 99 examined,
toxicological

The results obtained from the in silico
Study ShOWed that the tested 5-LO inhibitorS favorable physicochemical
differ significantly from each other in their characteristics were predicted. Namely, it was
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predicted that the listed compounds fulfil
Lipinski's rule of five and Veber's rule, as well as
that they are without the risk of mutagenic,
tumorigenic, reproductive and/or irritating
effects. The benzylidene derivative, compound
22, stood out with a favorable pharmacokinetic
profile, for which the possibility of intestinal
absorption and permeation through Caco-2 cells,
as well as the possibility of passing through the
blood-brain barrier and penetration into the
central nervous system was predicted. Generally,
the results of this study provide a good basis for

further in vivo research, as well as for the design
of novel therapeutically significant 5-LO inhibitors
with favorable physicochemical, pharmacokinetic
and toxicological profiles.
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Enzim 5-lipoksigenaza (5-LO) predstavlja vazan enzim koji ucestvuje u
proizvodnji leukotriena, metabolita arahidonske kiseline pod ¢ijim direktnim uticajem
dolazi do razvoja reakcije inflamacije koja je povezana sa brojnim patofizioloSkim
stanjima. Stoga, otkrivanje i razvoj selektivnih 5-LO inhibitora za primenu u terapiji
predstavljaju predmet istrazivanja koja se trenutno sprovode. Cilj ove studije bio je da
se najpre da pregled literature u vezi sa najaktivnijim sintetskim 5-LO inhibitorima (sa
ICso vrednostima manjim od 1 pM), usmeren prvenstveno na njihovu hemijsku
strukturu, a potom predstave rezultati in silico studije njihovih osnovnih fizi¢ko-
hemijskih, farmakokinetickih i toksikoloskih karakteristika. Rezultati su pokazali da se
fizicko-hemijski, farmakokineticki i toksikoloski profili ispitivanih 5-LO inhibitora
znacajno razlikuju. Oko polovine ispitivanih 5-LO inhibitora ispunilo je ,pravilo pet
Lipinskog” i ,pravilo Vebera”, sto znali da je predvidena njihova dobra oralna
bioraspoloZivost. Takode, predvideno je da su posredi jedinjenja koja ne izazivaju
mutagene, tumoralne, reproduktivne i/ili iritacione efekte. Sposobnost penetracije kroz
Caco-2 celije, mogucénost intestinalne apsorpcije i moguénost prolaska kroz krvno-
mozdanu barijeru predvidene su za mali broj ispitivanih jedinjenja. U sustini, povoljna
fizicko-hemijska i toksikoloSka svojstva predvidena su za 32 od ukupno 99 testiranih
jedinjenja. Sa najpovoljnijim farmakokineti¢kim profilom izdvojio se derivat benzilidena
22.
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