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Zn-Phenanthroline-Dicarboxylate Complex: A Dual
Inhibitor of COX-2 and 5-LOX Enzymes

Darsi Rambabu*,” Shilpa Sharma*,® Mayank,'” Narinder Singh,” Shagun, and Pooja*

A series of new phenanthroline-based metal complexes,
coordination polymers are synthesized using 1,10-phenanthro-
line 2,9-dicarboxylate (PDA) and different metal salts including
tin (R-1 to R-3), manganese (R-4), ruthenium (R-5), and zinc (R-
6) respectively. The inhibitory activities of synthesized coordina-
tion compounds are evaluated towards COX-2 (cyclooxygenase-
2) and 5-LOX (5-lipoxygenase) enzymes. Among all the metal-
organic coordination complexes, Zn-PDA (R-6) shows most

Introduction

The toxicity of Nonsteroidal Anti-inflammatory drugs (NSAIDs)
resulted the emergence of selective cyclooxygenase-2 (COX-2)
inhibitors named coxcibs." However, up-regulation of 5-lip-
oxygenase (5-LOX) pathway through selective COX-2 inhibitors
rationalized the development of new dual COX-2 and 5-LOX
inhibitors.”® In addition, the dual COX-2 and 5-LOX inhibitors
have been found considerable in mitigating diseases like cancer
and neurogenerative disorders.”

Metal complexes have emerged as versatile tools in
medicine,® showcasing a wide array of applications beyond
traditional drug development.*"" These complexes play pivotal
roles in diagnostics,” imaging,!'? and drug delivery systems,!™
offering precise and efficient means of disease detection and
treatment. In the realm of therapeutics, metal complexes exhibit
promising potential as novel treatments for a range of diseases,
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prominent inhibitory activity than other systems with the IC;,
value of 0.0524 ug/mL and 0.834 pug/mL for both COX-2 and 5-
LOX enzymes, respectively. The synthesized systems were also
evaluated for their activity against COX-1 and standard COX-2
inhibitors viz. Rofecoxib and Aspirin. The rationale for R-6 being
the most potent metal complex for dual COX-2 and 5-LOX
inhibition is demonstrated using docking studies.

including cancer and neurodegenerative disorders.”™'" Further,
metal complexes prepared from NSAIDs ligands have demon-
strated better therapeutic potency as compared to free
NSAIDs.” Due to the different oxidation states, charges, and
spatial coordination, the structure of these metal complexes
can be fine-tuned for specific targets and therapy.”’™""

Thus, in the present manuscript, we are reporting six metal
complexes synthesized using 1,10-phenanthroline-2,9-dicarbox-
ylate (PDA) as a ligand with four different metal salts viz. Tin,
Manganese, Ruthenium, and Zinc. The rationale to use 1,10-
phenanthroline-2,9-dicarboxylate as ligand lies in the fact that it
has been reported to exhibit various biological activities such as
antitumor, antimicrobial and antiproliferative.">'*'® All metal
complexes were evaluated for anti- COX-2 and 5-LOX activities.
The results revealed that the Zn-based metal-organic com-
pound (R-6) showed the most promising outcome as dual COX-
2 and 5-LOX inhibitor. The action of the dual inhibition of the
COX-2 and 5-LOX activities pathways are studied using
molecular docking simulation study.

Results and Discussion

Synthesis and characterization of R-1to R-6: The metal
complexes R-1, R-2, R-4, R-5, and R-6 were synthesized hydro-
thermally, however R-3 was synthesized by mixing Sn salt and
H,PDA in DMSO (Scheme S1, ESI). The separated crystals from
the reaction mixture of all compounds were characterized by
single-crystal X-ray analysis. Crystal data and structure refine-
ment parameters are given in Table S1 (see ESI)

Crystal description of R-1: Metal complex R-1
(C5,H,6N,0405n,) {[SN(CH5),(PDA*)], 2H,0} crystallizes in triclinic
P-1 space group.). The asymmetric unit of R-1 contains one
[Sn(CH,)1**, one PDA?" unit, and one H,O molecule as shown in
Figure 1 & S1A (ESI). The two Sn1 centers are connected
through a pair of bridging oxygens (O3 and O3 from two
PDA*) forming a four membered ring and resulting in a
dinuclear complex. The Sn1 centers containing Sn** charge was

© 2024 Wiley-VCH GmbH
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Figure 1. Dinuclear Sn complex of R-1 with solvent water molecule.

balanced by two CH;~ and one PDA*". The dinuclear complex
of R-1 is extended to the 1D assembly by four H-bonding

Figure 2. Crystal structure (tetranuclear Sn complex) of R-2 (H-atoms omitted
for clarity).

interactions via O-+-H—O—H--O between carboxylate oxygens of
PDA*" and H,0O molecules (04, O5W, Figure S1B). The dinuclear
Sn complex are arranged laterally in a 1D assembly further
extended into 3-D assembly by weak pi(PDA*")--pi(PDA*") and
C—H(methyl)--pi(PDA?") interactions (Figure S1C, ESI).

Crystal description of R-2: The R-2 (CggHggNgO;4Sn,) {[Sn(n-
Bu),(PDA*7),} crystallizes in tetragonal /-4 space group. The
crystal structure is shown in Figure 2. The asymmetric unit of R-
2 contains one [Sn(n-Bu),]** (n-Bu=n-butyl) and one PDA*"
ligand as shown in Figure S2A, ESI. Each Sn1 center is
coordinated to 01, N1, N2, and O3 atoms (from one PDA”),
04#1 (from another PDA?) and two n-Bu groups exhibiting
seven coordination numbers as shown in Figure S2B, ESI. The
PDA”" units are chelating to Sn1 centers five-member rings
through O1, N1, N2, and O3 resulting in a mononuclear Sn
complex as shown in Figure S2A and S2B, ESI. The mononuclear
Sn unit is further extended to the tetranuclear Sn complex
through 04, 04#1 oxygens. The PDA?" units in R-2 are arranged
in alternative up and down fashion as shown in Figure S2B &
S2C, ESI. The tetranuclear Sn complex of R-2 is self-assembled
with neighboring units through weak pi(PDA?")--pi(PDA?") and
C—H(n-Bu)--pi(PDA?") interactions (Figure S2C, ESI), forming a 3-
D assembly.

Crystal description of R-3: The R-3 (Cj3HgN,0,5n,) {[Sn(n-
Bu);],(PDA?"),} crystallizes in the monoclinic P21/n space group
(Figure 3A). The asymmetric unit of R-3 contains two [Sn(n-
Bu);]™ (n-Bu=n-butyl), one PDA>" ligand as shown in Fig-
ure S3A, ESI. R-3 structure contains two different metal centers
(Sn1 and Sn2), the Sn1 centers are coordinated to O1, N1, N2,
03 atoms (from one PDA?") and three n-Bu groups exhibiting
seven coordination numbers as shown in Figure S3A and S3B,
ESI. The PDA?" units are chelated to Sn1 centers through Of1,
N1, N2, O3 and resulting in a mononuclear Sn complex shown
in Figure S3B, ESI. The Sn2 centers are coordinated to 02 (from
one PDA?"), 04 (from another PDA?), and three n-Bu groups
(Figure S3A, ESI). The Sn1 and Sn2 centers were arranged
alternately where Sn2 centers bridge with the mononuclear
complex of Sn1 centers through 02, O4#1 and 04, 02#2
resulting in a 1D chain (Figure 3C, ESI). Further, 1D chains of R-3
are self-assembled with adjacent 1D chains through weak

Figure 3. Crystal structure (A) (1D chain) of R-3 (H-atoms omitted for clarity) and (B) R-4.
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pi(PDAY)--pi(PDA?") and C—H(n-Bu)--pi(PDA?") interactions
forming a 3D assembly (Figure S3C, ESI).

Crystal description of R-4: The R-4 (C;,H,;MnN,O,) {[Mn-
(PDA?7)(H,0),)-2H,0} crystallizes in orthorhombic Fddd space
group. Crystal structure is given in Figure 3B. The asymmetric
unit of R-4 contains one Mn1, one half of PDA?" ligand, two
H,O molecules in which one is metal coordinated, and half of
the H,0 molecule as shown in Figure S4A, ESI. The crystal
structure shows Mn1 center is coordinated to O1, N1, N1#1,
O1#1, atoms (from one PDA?") and three oxygen atoms O3W,
O3W#1, 04W from H,O molecules resulting in a mononuclear
Mn complex as shown in Figure 3B. The PDA* units are
chelated to Mn1 centers through O1, N1, N1#1, O1#1 (Fig-
ure 3B). R-4 is extended to the 1D assembly through hydrogen
bonding interactions via O—H--O between carboxylate oxygens
(01, 02) of PDA*" and water molecules (O3W, O4W, and O5W)
(Figure S4B and S4C, ESI). The R-4 is further self-assembled
through weak pi(PDA?")--pi(PDA% )interactions generating a 3D
assembly (Figure S4C, ESI).

Crystal description of R-5: The R-5 (C,H,,N,O4Ru) {Ru(H-
PDA"),} crystallizes in the monoclinic P2/n space group. The
crystal structure is given in Figure 4. The asymmetric unit of R-5
contains Rul and one H-PDA™ ligand (Figure S5A, ESI). Rul
center is coordinated to O1, O1#1, N1, N1#1, N2 and N2#1
atoms (from two H-PDA") exhibiting six coordination number
and resulting in a mononuclear Ru complex as shown in
Figure 4, Each H-PDA™ units are chelating to Rul through O1,
N1, N2. One carboxylate group of the H-PDA™ is free from metal
coordination and is involved in hydrogen bonding interactions.
R-5 is extended to the 1D assembly through H-bonding
interactions via O—H--O between O4 and 02 of two H-
PDA? carboxylate oxygens (Figure S5B & S5 C, ESI). The R-5 is
further  self-assembled  through  weak  pi(PDA%")--pi-
(PDA?")interactions (Figure S5C, ESI).

Crystal description of R-6: R-6 (C;,HsN,0,Zn) {Zn(PDA?"),}
crystallizes in the orthorhombic Pbcn space group (Figure 5).
The asymmetric unit contains one Zn1, one half of the PDA*™
ligand as shown in Figure S6A, ESI. R-6 containing Zn1 center is
coordinated to O1#2, N1, N1#1, O1#3, atoms (from three PDA™")
exhibiting tetrahedral geometry. Each tetrahedral Zn1 center
are surrounded to three PDA?" units (Figure 5A and 5B) and
these Zn1 centers are extended to a 2-D network via
carboxylate oxygens (O1) of PDA*" ligands along the c-axis and
a-axis as shown in Figure S6B &S6C, ESI. The Zn1 center

Figure 4. Crystal structure of R-5.
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Figure 5. (A) 2-D building block of R-6. (B) 2-D network of R-6 along c-axis.

containing Zn’* charge is balanced by one PDA”". Further self-
assembly occurs through weak pi(PDA?")--pi(PDA?") interactions
forming a 3D assembly (see Figure S6D, ESI).

Screening of R-1to R-6for Anti-Inflammatory Activity

Compounds (R-1 to R-6) were examined for the inhibition of
COX-1, COX-2, and 5-LOX enzymes. COX-1, COX-2, and 5-LOX
enzyme immunoassays were performed as per the kit manu-
facturer’s protocol (refer experimental section for details). We
tested the compounds with a concentration of 100, 10, 1,
0.1 pg/mL for the COX-1, COX-2, and 5-LOX inhibitory activities
which were quantified by measuring the amount of prostaglan-
dins and leukotrienes, respectively during arachidonic acid (AA)
metabolism produced by the enzymes in the presence of a
different concentration of the metal-organic complexes. Typi-
cally, the amount of prostaglandin and leukotrienes produced
by the enzyme in each well of the 96-well plate is inversely
proportional to the concentration of the inhibitor (metal
complexes) present therein.

We observed that the R-6 showed excellent inhibition of
COX-2 with 1Cs, of 0.0524 pg/mL, while its IC5, for COX-1 was
436.23 pg/mL (Table 1). The COX-2 inhibition selectivity of R-6 is
8325 times higher with respect to COX-1 inhibition (Table 1).
Complex R-1 also showed significant inhibition activity of COX-
2 and COX-1 with ICs, of 0.102 and 96.90 pg/mL respectively
though these inhibition activities of R-1 for COX-2 are only 950

© 2024 Wiley-VCH GmbH
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Table 1. ICy, (ug/mL) values of Compounds R-1, R-2, R-3, R-4, R-5 and R-6 against COX-1, COX-2, and 5-LOX Enzymes.

ICso (ng/mL)
Compound COX-2 COX-1 Selectivity Index © ICso (ng/mL), LOX-5
R-1 0.102 96.90 950 4.67
R-2 3.098 44.36 14.31 76.25
R-3 4.12 135.84 32.97 45.77
R-4 0.851 153.13 179.94 37.67
R-5 8.65 68.34 7.9 158.71
R-6 0.0524 436.23 8325 0.834
NDGA ND ND ND 8.2 0or27.2 uM
Phenidone ND ND ND 11.1 or 68 M
Rofecoxib 0.1 0or0.3 uM 13.2 or 42 pM 132 >500
Aspirin 5.4 or 30 uM 0.6 or 3.5 uM 0.11 >500

[a] IG5, (COX-1)/ ICs, (COX-2); ND =Not determined.

times higher over COX-1. R-4 exhibited IC;, of 0.851 pg/mL for
COX-2 and showed selectivity over COX-1, 180 times higher
selectivity to COX-2 over COX-1 with ICg, value of 53.13 pg/mL
for COX-1. In comparison to R-6, R-1, and R-4, showed a decent
activity where as R-2, R-3, and R-5 showed very poor inhibition
activity and selectivity for COX-2 and COX-1 (Table 1). Parallel to
the inhibition screening assay of COX-2, all metal complexes (R-
1, R-2, R-3, R-4, R-5, and R-6) were further examined for the
inhibition of 5-LOX (5-lipoxygenase). The compound R-6
showed excellent inhibition of 5-LOX with 1Cs, of 0.834 whereas
R-1 with IC;, of 4.67 ng/mL showed a decent inhibiting activity.
The inhibition of 5-LOX with complexes R-2, R-3, R-4, and R-5
was very poor compared to R-1 and R-6 (Table 1).

The complexes were also compared with the standard COX-
2 inhibitors and 5-LOX inhibitors under similar conditions. It
was observed that in comparison to standard drugs Rofecoxib
and Aspirin, selectivity of R-1, R-4, and R-6 for COX-2 over COX-
1 was far better. (Table 1). Similarly, 5-LOX inhibition activity of
R-1 and R-6 in terms IC50 value was better than Nordihydro-
guaiaretic acid (NDGA) and Phenidone drugs, the standard 5-
LOX inhibitors (Table 1). In addition, a comparison with
ruthenium based complexes for similar biological activity is
given in Table S2 of supporting information (Table S2, ESI).

Possible Mechanism of Inhibition of COX-2 and 5-LOX

Among all the metal-organic coordination compounds, R-6
exhibited maximum inhibition of COX-2 and 5-LOX enzymes. To
understand the mechanism of inhibition, we performed UV-Vis
absorption titrations of R-6 L-Glutamic acid and L-Tyrosine
which are present in the active site of COX-2 (L-Tyrosine/
Tyr355/ Y355 and L-Glutamic acid/ Glu524/E524)."**" R-6 (1 ug/
mL) showed an increase in absorption upon addition of L-
Tyrosine/L-Glutamic acid (14 uM), indicating the interaction of
R-6 with these amino acids (Figure S7, ESI).

We also conducted UV-Vis absorption titration of R-6 with
Fe(ll), because of the presence of active Fe(ll) center in the COX-

ChemistrySelect 2024, 9, €202400310 (4 of 7)

2/5-LOX enzymes.??" The increases in the absorption of R-6
(1 ng/mL) upon addition of Fe(ll) solution (14 uM) was observed
as shown in Figure S8, ESI.

To confirm the selectivity of interaction of the respective
enzymes with the R-6 metal complex, R-6 was also titrated with
arachidonic acid (AA) and linolenic acid as they are present
along with enzymes in the enzyme assay kit. No change in UV-
Vis absorption of R-6 on addition of arachidonic acid (AA) and
linolenic acid was observed suggesting no interaction of R-6
with arachidonic acid (AA) and linolenic acid (Figure S9, ESI).

To gain further insight, we performed its molecular docking
studies. For molecular docking simulation studies, crystal
structures of COX-1, COX-2, and 5-LOX were obtained from the
protein data bank. In the case of COX-1 (PDBID: 2oye), a grid
box of 40, 40, 40 with X, Y Z coordinates of 251, 110 and —38
respectively was created. Similarly, for COX-2 same sized box
with X, Y, Z coordinates of 22, 23 and 14.139 respectively and
for 5-LOX a box size of 34.224, 67.618, and 38.64 respectively
was created. The binding pattern of R-6 against COX-1, COX-2,
and 5-LOX is represented in Figure 6. In the case of all three
proteins, the binding cavity within the protein was found
accommodating the R-6 quite easily. Figure 6a represents the
binding conformation of R-6 against COX-1, Figure 6b repre-
sents the binding conformation against COX-2 and Figure 6¢
represents the binding cavity of R-6 against 5-LOX respectively.
Interactions between the metal complex and many active
amino acids of the enzymes were observed. The R-6 interacted
with amino acids S530, R120, E524, S553, F518, V349, V344,
W387, L531, L384, in the active site of COX-2. The interaction
with E524 has also been proven with the help of UV-Vis
absorption studies (Figure S7, ESI). Similarly, R-6 interacted with
amino acids viz. $530, A527, V350, Y355, S353, L93, R120, S87,
H90, Q350, V116 in the active site of COX-1. The interactive
amino acids of 5-LOX for R-6 are R596, W599, A603, L607, H600,
Q413, K409, 1673, L607, W599. Thus, the binding of above-
mentioned amino acids with R-6 may have resulted in inhibition
of COX-2 and 5-LOX enzymes.

© 2024 Wiley-VCH GmbH
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Conclusions

To conclude, phenanthroline-carboxylate-based metal-organic
compound R-6 with the Zn exhibited IC, value of 0.0524 ng/mL
and 436.23 ug/mL against COX-2 and COX-1 enzymes respec-
tively and showed 8325 selectivity index with respect to COX-1
inhibition. In addition, coordination polymer R-6 exhibited
appreciable inhibition of 5-LOX with ICs, of 0.834 pg/mL. This
work may lead researchers to design more metal-organic
compounds (complexes, coordination polymers and Metal-
organic frameworks) as efficient dual COX-2 and 5-LOX
inhibitors which can be converted to a commercial metallodrug
in years to come.

Experimental Section

The PDA (1,10-phenanthroline-2,9-dicarboxylic acid) was synthe-
sized by the previously reported procedure.*?

1. Synthesis of R-1: A mixture of 0.075 g (0.28 mmol) of PDA (1,10-
phenanthroline-2,9-dicarboxylic acid) and 0.056g (0.28 mmol)
Trimethyltin chloride (Sn(CH,);Cl) in 15 mL of distilled water was
placed in parr's acid digestion bomb and heated in an oven at
130°C for 24 h. The mixture was allowed to cool at room temper-
ature for overnight to obtain yellow-coloured crystals (0.090 g, yield
744% with respect to PDA) which were washed with water
(3x1 mL) and dried under vacuum at room temperature.

2. Synthesis of R-2: A mixture of 0.075 g (0.28 mmol) of PDA (1,10-
phenanthroline-2,9-dicarboxylic acid) and 0.182g (0.56 mmol,
0.152 mL) Tributyltin chloride (Sn(n-Bu);Cl) (n-Bu=n-butyl) in 15 mL
of distilled water was placed in parr's acid digestion bomb and
heated in oven at 130°C for 9 h. The mixture was allowed to cool at
room temperature for overnight to obtain yellow-coloured crystals
(0.068 g, yield 48.6 % with respect to PDA) which were washed with
DMSO (1x1 mL) and water (3x1 mL) and dried under vacuum at
room temperature.

3. Synthesis of R-3 (mix and allow method): 0.075 g (0.28 mmol) of
PDA (1,10-phenanthroline-2,9-dicarboxylic acid) and 0.250g
(0.42 mmol, 0.214 mL) of Bis(tributyltin) oxide {[Sn(n-Bu);],0} (n-
Bu=n-butyl) were dissolved separately in two different vials
containing 2.5 mL DMSO. Once dissolved, immediately combined
both solutions and shaken for 1 min and stand for 2 h without
disturbing at room temperature (crystals were observed within
10 min). The yellow crystals of R-3 (0.190 g, yield 80.2% with
respect to PDA) were filtered and dried under vacuum at room
temperature.

4. Synthesis of R-4: A mixture of 0.038 g (0.14 mmol) of PDA (1,10-
phenanthroline-2,9-dicarboxylic acid) and 0.053 g (0.21 mmol) of
Mn(NO,),.4H,0 in 15 mL of distilled water and DMF (2:1 ratio)
solution was placed in parr’s acid digestion bomb and heated in an
oven at 150°C for 72 h. The mixture was allowed to cool at room
temperature for overnight to obtain yellow coloured crystals

N N . Tl (0.044 g, yield 76.2% with respect to PDA) which were washed with
Figure 6. Molecular docking simulation pattern of R-6 against COX-1 (A), DMF (3x1 mL) and water (3x1 mL) and dried under vacuum at
COX-2 (B), and 5-LOX (C), showing the conformation of R-6 inside the room temperature.

binding cavity of all three proteins.
5. Synthesis of R-5: A mixture of 0.075 g (0.28 mmol) of PDA (1,10-

phenanthroline-2,9-dicarboxylic acid) and 0.037 g (0.14 mmol) of
RuCl;.3H,0 in 8 mL of distilled water was placed in parr’s acid
digestion bomb and heated in an oven at 150°C for 72 h. The
mixture was allowed to cool at room temperature for overnight to
obtain red coloured crystals (0.057 g, yield 64.1% with respect to
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PDA) which were washed water (3x1 mL) and dried under vacuum
at room temperature.

6. Synthesis of R-6: A mixture of 0.075 g (0.28 mmol) of PDA (1,10-
phenanthroline-2,9-dicarboxylic acid) and 0.125 g (0.42 mmol) of
Zn(NO,),.6H,0 in 10 mL of distilled water was placed in parr’s acid
digestion bomb and heated in an oven at 150°C for 72 h. The
mixture was allowed to cool at room temperature for overnight to
obtain yellow-coloured crystals (0.071 g, yield 76.3% with respect
to PDA) which were washed with water (3x1 mL) and dried under
vacuum at room temperature.

COX-1/COX-2 Inhibitory Activities: In vitro COX-1 and COX-2
inhibitory activities were evaluated using “COX inhibitor screening
assay” kits with 96-well plates (catalog no. 560101, Cayman
Chemical, Ann Arbor, Ml) according to the manufacturer’s instruc-
tions. As per the kit specifications, the enzymes were ovine COX-1
and human recombinant COX-2. This screening assay directly
measures PGF2a produced by SnCl, reduction of COX-derived
PGH2. COX-1 and COX-2 initial activity tubes were prepared to take
950 puL of reaction buffer (0.1 M Tris-HCI, pH 8.0, containing 5 mM
EDTA and 2 mM phenol), 10 pL of heme, 10 pL of COX-1 and COX-2
enzymes into respective tubes. Similarly, COX-1 and COX-2 inhibitor
tubes were prepared by adding 20 uL of inhibitor (compound of
0.1 pg/mL, 1 pg/mL, 10 ug/mL and 100 pg/mL concentrations were
prepared in DMSO) in each tube in addition to the above
ingredients, making a final volume of 1 mL. The background tubes
correspond to inactivated COX-1 and COX-2 enzymes obtained
after keeping the tubes containing enzymes in boiling water for
3 min. After incubation of the tubes at 37°C for 20 min, reactions
were initiated by adding 10 ulL of arachidonic acid in each tube and
again incubating at 37°C for 2 min. The reaction was quenched
with 50 pL of 1 M HCl. PGH2 thus formed was reduced to PGF2a by
adding 100 pL of SnCl,. The prostaglandin produced in each well
was quantified using broadly specific prostaglandin antiserum. The
PGs and PG acetylcholinesterase (AChe) conjugate (PG tracer) have
a competition for a limited amount of PG antiserum. Because the
concentration of the PG tracer is held constant while the
concentration of PG varies, the amount of PG tracer that is able to
bind to the PG antiserum will be inversely proportional to the
concentration of PG in the well. This rabbit antiserum-P (either free
or tracer) complex binds to a mouse monoclonal antirabbit
antibody that has been previously attached to the well. The plate is
washed to remove any unbound reagents, and then Ellman’s
reagent (which contains the substrate to AChe) is added to the
well. The product of this enzymatic reaction has a distinct yellow
colour and absorbs strongly at 420 nm. The intensity of this color,
determined spectrophotometrically, is proportional to the amount
of PG tracer bound to the well, which is inversely proportional to
the amount of free PG present in the well during the incubation.
The wells of the 96-well plate showing low absorbance at 420 nm
indicate the higher level of prostaglandins in these wells and hence
less inhibition of the enzyme. Therefore, the COX inhibitory
activities of the compounds could be quantified from the
absorbance values of different wells of the 96-well plates. The
concentrations of the test compound causing 50% inhibition (ICs)
were determined using a dose-response inhibition curve (duplicate
determinations) with GraphPad Prism.

5-LOX inhibitory activities: For 5-LOX inhibition studies, (Lip-
oxygenase Inhibitor Screening Assay Kit, Item No. 760700 was used
from Cayman Chemicals Co.), solutions of complexesR-1, R-2, R-3, R-
4, R-5 and R-6 at 0.1 ug/mL, 1 pg/mL, 10 pg/mL and 100 pg/mL
concentrations were prepared in DMSO. 10 pl of each compound
from the three concentrations was added to a 90 pl solution (in
assay buffer) of 5-LOX enzyme taken in a 96-well plate. Each
complex was tested in triplicate. Two wells were taken as blanks
(assay buffer4arachidonic acid) and two wells were taken as
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positive controls (enzyme in assay buffer+arachidonic acid). The
reaction was initiated by the addition of 10 ul of the substrate
(arachidonic acid). After maintaining the 96-well plate on a shaker
for 5 min, 100 pl of the chromogen (developing reagent) was added
to each well. The plate was again shaken for 5 min and read at
500 nm in a microplate scanning spectrophotometer. Percent 5-
LOX inhibitory activity was determined using the mean of the three
values for each sample from the calculations given below:

Lipoxygenase activity (umol/min/mL) = [Asy/min/9.47 mM™']
%[0.21 mL/0.09 mL] x sample dilution

Where Asp/min=Asy, (sample)/min—Asq, (blank)/5 min,
9.47 mM~' =Extinction coefficient of chromogen,
0.21 mL=Total volume of the solution in each well and

0.09 mL=Volume of the enzyme solution used.

Percent 5-LOX inhibition = [{L.A. (P.C.)—L.A. (I.)}/L.A. (P.C.)]
x100

L.A. (P.C.) - Lipoxygenase Activity of positive control,
L.A. (1) - Lipoxygenase Activity of inhibitor.

IC;, values were determined from the graph between Percent
Inhibition vs. inhibitor concentration.

Molecular docking simulation studies, Autodock software was
used.”>*! Herein, protein, preparation, ligand preparation, grid
generation, and molecular docking simulation steps are executed
using various tools that are available in Autodock software. During
protein preparation, associated water molecules were deleted,
hydrogens were added, and any co-crystallized ligand if the present
was also deleted and finally gasteiger charges were added to
produce the required PDBQT file. For Grid generation, Autogrid 4.2
was used, and herein, and initially the GPF and finally, the GLP was
created. During molecular docking simulation studies, Autodock 4.2
was used, and herein, a genetic algorithm was selected for our
studies.
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