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Abstract: The chemical diversity of natural products provides a promising source of anti-inflamma-
tory drugs, notably targeting COX-2, whose activity is associated with inflammatory processes and
carcinogenesis. The COX-2 and LOX inhibitory capacity of several benzo[a]phenoxazines, N-, O-
heterocyclic compounds was studied. Kinetic assay results revealed that these molecules signifi-
cantly inhibit COX-2 activity, highlighting their promise as potent anti-inflammatory agents.
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1. Introduction

Inflammation is a complex and essential biological response to harmful stimuli, such
as pathogens, damaged cells, or irritants. It is designed to eliminate the initial cause of cell
injury, clear out damaged cells and tissues, and initiate tissue repair. While acute inflam-
mation is beneficial and crucial for healing, chronic inflammation can contribute to the
development and progression of several chronic diseases, including rheumatoid arthritis,
cardiovascular diseases, and cancer. The chronic inflammatory state involves a prolonged
immune response that can lead to tissue damage and various pathologies [1,2].

Two critical enzymes involved in the inflammatory process are cyclooxygenases
(COX) and lipoxygenases (LOX). COX-2, an inducible isoform of cyclooxygenase, plays a
significant role in the synthesis of prostaglandins, which mediate inflammation, pain, and
fever. Its expression is often upregulated in response to inflammatory stimuli and has
been linked to carcinogenesis. On the other hand, LOX enzymes are involved in the me-
tabolism of arachidonic acid to leukotrienes, which are potent inflammatory mediators.
Both COX-2 and LOX are therefore important targets for anti-inflammatory drug devel-
opment, as their selective inhibition can mitigate the inflammatory response with poten-
tially fewer side effects compared to non-selective inhibitors [3-5].

Natural products have long been a rich source of pharmacologically active com-
pounds, providing a diverse chemical library for drug discovery. Among these,
benzo[a]phenoxazines, N-,O-heterocyclic compounds, have garnered attention for their
notable therapeutic potential [6,7]. These compounds have demonstrated significant anti-
inflammatory and anti-cancer properties, largely due to their ability to inhibit COX-2 en-
zymatic activity. This inhibition can reduce the production of pro-inflammatory prosta-
glandins, thereby alleviating inflammation and its associated symptoms [8-10].

Considering these facts, the present study explores the anti-inflammatory properties
of various benzo[a]phenoxazines from our library specifically focusing on their potential
as novel inhibitors of COX-2 and LOX enzymes. By evaluating the activity of these en-
zymes, we aim to elucidate the efficacy of benzo[a]phenoxazines in reducing inflamma-
tory pathways. The results could pave the way for the development of new anti-
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inflammatory drugs that offer enhanced efficacy and safety, potentially benefiting patients
with chronic inflammatory conditions and related diseases [11-13].

2. Results and Discussion

The series of benzo[a]phenoxazine derivatives shown in Figure 1, previously synthe-
sized by our research group [14,15], was evaluated for their enzyme inhibition properties.
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Figure 1. Structures of the benzo[a]phenoxazine derivatives 1-7 used in this study.

2.1. LOX Inhibition

The evaluation of benzo[a]phenoxazines in terms of their potential as LOX inhibitors
revealed results that were not statistically significant. This fact suggests that these com-
pounds do not effectively inhibit LOX activity (Figure 2).

The lack of statistical significance implies that no substantial differences in LOX ac-
tivity were observed between the groups treated with the compounds and the control
groups. Therefore, we can infer that the compounds studied do not have a relevant impact
on LOX inhibition.

In this study, quercetin was used as a positive control because of its specific ability to
inhibit LOX. Quercetin, a flavonoid, has a structure rich in hydroxyl groups and a confor-
mation that allows it to act as an iron chelator in the LOX active site, blocking the enzyme’s
catalytic activity. In addition, its antioxidant properties are also protective for this preven-
tion, as they help to neutralize the free radicals generated during the process.
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Figure 2. LOX inhibition in compounds 1-7 at 100 uM. Q 100 pM and Q 50 uM refer to quercetin,
used as positive control, at concentrations of 100 uM and 50 uM, respectively. **** p <0.0001.

The lack of significant inhibition by benzo[a]phenoxazines 1-7 may be related to the
absence of structural characteristics that are essential for effective interaction with the LOX
active site. Unlike quercetin, which binds to iron and interferes with the catalytic process,
benzo[a]phenoxazines 1-7 may not have the functional groups or conformation needed to
compete with the enzyme’s substrates, which could explain their inefficiency in inhibiting
LOX.

2.2. COX-2 Inhibition

The benzo[a]phenoxazines tested at a concentration of 100 uM significantly inhibited
COX-2 enzymatic activity. Kinetic assays showed a marked reduction in COX-2 activity
with the presence of these compounds, indicating their strong inhibitory potential.

The significant inhibition of COX-2 by benzo[a]phenoxazines 1-7 at 100 uM demon-
strates their potential as effective anti-inflammatory agents. COX-2 is a crucial enzyme in
the inflammatory response, responsible for the production of pro-inflammatory prosta-
glandins. The ability of benzo[a]phenoxazines to markedly reduce COX-2 activity sug-
gests they could play a valuable role in managing inflammation (Figure 3).

The structural properties of benzo[a]phenoxazines 1-7 may contribute to their effec-
tiveness in inhibiting COX-2. The robust inhibition observed in this study supports further
exploration of these compounds for therapeutic use in inflammatory conditions. The find-
ings highlight the promise of benzo[a]phenoxazines as potent COX-2 inhibitors, providing
a strong foundation for future research and development.
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Figure 3. COX-2 inhibition in compounds 1-7 at 100 uM. **** p <0.0001.

Given the strong inhibitory effects observed, compound 4, one of the most promising,
was tested at five lower concentrations (50 uM, 25 uM, 12.5 uM, 6.25 pM and 3.13 uM).
Even at these reduced concentrations, significant inhibition of COX-2 activity was main-
tained, demonstrating the potency of this compound (Figure 4).

COX-2 inhibition

100

*kkk -

*kkk *kkk

*kkk
*kkk

Activity
A
o

Compound 4 at different concentrations

Figure 4. Inhibition of COX-2 at lower concentrations of compound 4. **** p <0.0001.

The consistent and significant inhibition of COX-2 by all benzo[a]phenoxazines at 100
uM highlights their potential as potent anti-inflammatory agents. The robust inhibition
observed with these compounds suggests a strong interaction with the COX-2 active site.

Remarkably, compound 4 continued to show significant inhibition of COX-2 activity
at five reduced concentrations, which indicates that this benzo[a]phenoxazine is a highly
potent COX-2 inhibitor, capable of achieving substantial inhibition even at lower doses.

These results underline the potential of benzo[a]phenoxazines 1-7 as effective COX-
2 inhibitors, with the ability to maintain their anti-inflammatory effects over a range of
concentrations. This potency makes them promising candidates for further development
and optimization in the treatment of inflammatory conditions.
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3. Experimental
3.1. Typical Procedure for the LOX Inhibition

The assay to determine lipoxygenase (LOX) activity was based on the oxidation of
linoleic acid, the enzyme’s natural substrate. The reaction was monitored spectrophoto-
metrically, following the formation of conjugated hydroperoxides, which exhibit an ab-
sorption peak at 234 nm. The procedure was carried out at 25 °C in a sodium phosphate
buffer solution (pH 9.0).

In the wells of a UV microplate, the sample (20 puL) was added. In the control wells,
buffer (20 pL) was added. Then, phosphate buffer (pH 9.0) (20 pL) was added to all wells.
Subsequently, the enzyme (20 puL), previously dissolved in phosphate buffer, was added
to the respective wells. The microplate was incubated at room temperature for 5 min. After
incubation, linoleic acid (20 uL) was added to each well, and the readings were taken im-
mediately after.

3.2. Typical Procedure for the COX Inhibition

The test to evaluate the inhibitory activity of the enzyme cyclooxygenase-2 (COX-2)
was carried out with the aim of determining the effectiveness of compounds in inhibiting
the action of this enzyme, which is involved in the inflammatory process. The colorimetric
method used was based on quantifying the production of prostaglandins, one of the prod-
ucts of the reaction catalyzed by COX-2.

To carry out the test, samples of the compounds were prepared and added to an en-
zyme system containing COX-2 and arachidonic acid as a substrate. The reaction was in-
cubated at 37 °C and the production of prostaglandins was monitored using a colorimetric
method, with the absorbance read on a spectrophotometer at 535/587 nm. The decrease in
prostaglandin production compared to the control indicated the degree of inhibition of
COX-2 activity by the compounds tested.

In each well of the plate, arachidonic acid (5 pL) and the sample (5 pL) were added,
except for the control, which received buffer (5 pL). Prior to the reading, master mix (40
puL) was added to each well. The master mix contained buffer (38 uL), enzyme (0.5 pL),
cofactor (1 uL), and probe (0.5 uL) per well.

4. Conclusions

The benzo[a]phenoxazines 1-7 tested did not show significant inhibition of LOX, as
evidenced by the absence of statistical significance in the results. In contrast, they demon-
strated significant inhibition of COX-2. This persistent inhibition of COX-2 even at low
concentrations underlines the therapeutic potential of the benzo[a]phenoxazines 1-7 as
effective anti-inflammatory agents. Significant inhibition of this enzyme is particularly rel-
evant as it plays a crucial role in mediating inflammatory processes and in the production
of prostaglandins, which are associated with pain and inflammation. These results sug-
gest that the benzo[a]phenoxazines tested have promising applicability in the develop-
ment of new anti-inflammatory treatments.
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