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INTRODUCAO

Substancias antioxidantes desempenham um papel importante na salde através de seus
efeitos na modulacdo dos processos oxidativos que ocorrem no organismo. A formagéo
de espécies reativas de oxigénio e subsequente oxidacdo de moléculas bioldgicas
constitui um mecanismo de dano tecidual presente em varios processos patologicos
como inflamacdo, derrame, infarto do miocérdio, arteroesclerose, doenga de Alszheimer
e Parkinson e em alguns tipos de cancer [1,2]. Os mecanismos bioldgicos responsaveis
pela formacao de espécies reativas de oxigénio sdo: perixidacdo lipidica, dano oxidativo
do DNA, oxidacdo proteica. Varios ensaios para avaliacdo de atividade sequestradora de
radical livre e atividade antioxidante estdo descritos na literatura. O ensaio
espectrofotométrico do radical 1,1-difenil-2-picrilhidrazil (DPPH) é um teste simples e
amplamente empregado [3]. DPPH é um radical livre estavel, ndo natural, cujas

propriedades diferem dos radicais de oxigénio altamente reativos como os radicais
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hidroxil, alcoxil, superdxido, etc., que apresentam um importante papel nos processos
oxidativos biologicos. Varias séries de compostos quimicos tem apresentado estreita
correlagéo entre as atividades sequestradora de DPPH e antioxidante determinada em
modelos biologicos e outros ndo-biologicos [4-6]. Compostos como polifenois, hetero-
aril-pirrol, acetofenonas, etc. apresentam capacidade de deslocar életrons, conferindo a
estes compostos propriedades oxidaveis. Logo, 0 ensaio de atividade sequetradora do
radical livre DPPH se apresenta como um teste de prediccdo de uma potencial atividade
antioxidante e pode ser empregado para screening de compostos quimicos sintéticos e

produtos naturais.

PRINCIPIO

O ensaio fundamenta-se na propriedade do DPPH apresentar uma forte absor¢do no
espectro visivel, comprimento de onda de 515 nm, caracterizado por uma coloracéo
violacea intensa, devido a presenca de elétrons livres. Quando o DPPH é colocado em
presenca de substancias capazes de sequestrar radicais livres, a absorcdo € inibida,
resultando em uma descoloragdo estequiométrica em relacdo ao nimero de életrons
retirados e independente de qualquer atividade enzimatica. O grau de descoloragdo

indica a capacidade sequestradora de radical livre [7,8].

OBJETIVO

Avaliar a capacidade sequestradora de radical livre de farmacos planejados ou produtos
naturais com possiveis propriedades antinflamatérias, anticancer, etc. A partir dos
resultados obtidos avaliar as propriedades quimicas (estruturais e eletronicas)

responsavel pela atividade observada.

METODOLOGIA

Preparar uma solucdo etandlica de DPPH (0,1 mM) e misturar com solu¢cdo do
composto teste a diferentes concentragdes ou a uma concentracdo fixa de “screening” de
0,1 mM. A mistura reacional deve ser agitada vigorosamente. As medidas de
absorbancia sdo efetuadas 10 min apds em um espectrofotdmetro UV-vis no
comprimento de onda de 515 nm. A inibicdo da coloracdo é expressa em % de atividade

sequestradora, através da formula:

% AS =100 x Ahy
he
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h. = absorbancia controle (DPPH + EtOH)
hyx = absorbancia teste (DPPH + subst. teste)

Ahx = hc - hx

O BHT (2,6-di-terc-butil-4-metil-fenol) sera utilizado como substancia de refréncia
da atividade sequestradora de radical livre (controle positivo). Podem ser empregados
também como substancias de refréncia o a-tocoferol ou o Trolox (anélogo estavel da
vitamina E). Todos devem apresentar 90-100 % de AS [7-9].

A poténcia da atividade sequestradora pode ser obtida através da constru¢do de uma
curva concentracgao/efeito e determinagdo da EC50, quamdo o ensaio for realizado para
diferentes concentragdes do composto teste.
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de iInstrumentos eletronicos, a utilizacdo de calor, o0 uso

de vidrarias e de solventes nédo representam problemas
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especiais, desde que sejam seguidas, de forma cuidadosa, as
instrucdes do supervisor.

Este documento foi supervisionado pelo Prof. CARLOS ALBERTO
MANSSOUR FRAGA (cmfraga@pharma.ufrj.br) que informou sobre
a inexisténcia de riscos especificos na realizacdo deste
exercicio (e.g., toxicidade, inflamabilidade, riscos de
explosédo, etc.), fora aqueles comuns a execucdo de toda e
qualquer pratica em laboratérios de Quimica Medicinal.

Se seu exercicio ou pratica envolver qualquer risco

especifico, favor informar ao Editor.
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EXERCISE 1.5

FREE RADICAL SCAVENGER ACTIVITY:
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INTRODUCTION
Reactive oxygen (ROS) and nitrogen (RNS) species are normally produced in every cell

of the human body, as subproducts from the reduction of oxygen into water at the level
of the mitochondrial respiratory chain. Enzymatic antioxidants, e.g., superoxide
dismutase, catalase and glutathione peroxidase, and non-enzymatic ones, e.g.,
glutathione (1), vitamin C (2), vitamin E (3), R-carotene (4), detoxify RSO and RSN and
minimize the damage caused to the biomolecules (Fig. 1). The disequilibrium between
the production of RSO and RSN and the antioxidant capacity leads to the state of
oxidative stress, which contributes to the genesis of a large number of pathological
frames, resultant from structural damages provoked by the oxidation of proteins, DNA,
and lipids peroxidation. Environmental and nutritional factors, such as irradiation (X-
rays, y-rays, ultraviolet light), pollutants in the atmosphere (ozone, N,O,, NO, cigarette
smoke), diet poor in carotenoids, polyunsaturated fatty acids and antioxidant vitamins,
can increase the activity of the generating systems of RSO, inducing the oxidative stress

[1].
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Fig. 1 Mechanisms of RSO formation and detoxification.

Antioxidants are substances that easily oxidize. Therefore, they promptly react with
ROS and RNS forming stable radicals, avoiding the cellular damages caused by the

action of these free radicals that will eventually culminate in a pathological process,
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e.g., inflammation, stroke, acute myocardial infarction, atherosclerosis, kidney failure,
Alzheimer’s disease, Parkinson’s disease, Crohn’s disease, early aging, skin cancer [1-
7].

Flavonoids are a group of natural polyphenolic antioxidants found in several fruits
and vegetables and in some beverages like tea and wine (Fig. 2), whose consumption

has been related to a low incidence of coronary diseases [8].

OH

Fig. 2 Polyhydroxylated flavonoids—flavons (5) and isoflavons (6).
Inflammation is a degenerative disorder mainly modulated by prostaglandins and

leukotrienes produced respectively by the action of the cyclooxygenase and 5-
lipoxygenase enzymes over the arachidonic acid (AA) [9]. The key step in the
biosynthesis of these autacoids involves the Fe*>-catalyzed enzymatic peroxidation
reaction of AA with the formation of endoperoxide intermediates and unstable
hydroperoxides. During this process, ROS can be formed, aggravating the patient’s
inflammatory process. In this context, arachidonic acid cascade enzyme inhibitors that
present structural characteristics favorable to oxidant activity, e.g., nimesulid [9] (7,
Scaflam®), BF-389 (8), curcumine [10] (9, Curcuma longa), have their anti-
inflammatory profile improved by the interruption of the AA enzymatic peroxidation
associated with the capacity for trapping oxygen free radicals that are abundant in the
inflamed tissue [9]. Owing to the fact that the electrophilic features are similar to the
carbocations ones, the free radicals are predominantly stabilized by electronic
delocalization involving m-electrons (resonance effect) or o-electrons (hyperconjugation
effect); the conjunction of these two effects lead phenol compounds that were ortho-
substituted with tert-butyl groups, e.g., di-tert-butylhydroxyltoluene (10, BHT), to
present great antioxidant potential due to the capacity for trapping free radicals (Fig. 3).
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Fig. 3 Antioxidant mechanisms of action of the cyclooxygenase and/or 5-lipoxygenase anti-inflammatory inhibitors.
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Several assays to evaluate the redox potential and free radical scavenger activity are
described in the literature, including the use of more advanced techniques, such as the
cyclic voltammetry [11], electronic paramagnetic resonance (EPR) [10], and electronic
spin resonance (ESR) [12]. The spectrophotometric assay of the 2,2-diphenyl-1-(2,4,6-
trinitrophenyl)-hydrazyl radical (DPPH, 11) is a simple and widely employed test [13].
DPPH is a stable free radical, non-natural, whose properties differ from the highly
reactive oxygen radicals such as the hydroxyl, alkoxyl, and superoxide, which play an
important role on the biological oxidative processes. Innumerous series of chemical
compounds have presented a narrow correlation between the DPPH scavenger activity
and the antioxidant one determined on both biological and nonbiological models [14—
16]. Chemical compounds like polyphenols, heteroarylpyrroles, acetophenones, among
others have the capacity for trapping and dislocating electrons, providing these
substances with oxidative properties. Thus, the DPPH free radical scavenger assay
presents itself as a test of prediction of the antioxidant potential activity and may be
used for screening of synthetic chemical substances as well as natural products.

PRINCIPLE

The assay is grounded on the DPPH (11) property of presenting a strong absorption at
the visible spectrum, wave length of 515 nm, characterized by an intense violet
coloration (Fig. 4), due to the presence of free electrons. When the DPPH is in the
presence of substances able to scavenge free radicals, the absorption is inhibited,
leading to a stoichiometric discoloration in relation to the number of reduced molecules
of DPPH, independently of any enzymatic activity. The degree of discoloration is
directly correlated with the free radical scavenger activity of the evaluated substance
[17,18].
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Fig. 4 Colorimetric reaction between the DPPH (11) and the BHT (10).

OBJECTIVE
To evaluate the scavenger activity of free radicals of planned compounds or natural
products with possible anti-inflammatory, anti-cancer, etc. properties.

To analyze the chemical properties (structural and electronic) responsible for the

observed free radical scavenger activity.

METHODOLOGY

To prepare a DPPH ethanolic solution (0.1 mM) and mix with a solution of the test
compound in different concentrations or in a 0.1 mM fixed screening concentration. The
reactional mixture must be vigorously agitated. The absorbance measures are made 30
min afterward in a UV-vis spectrophotometer at a wave length of 515 nm. The change
of the coloration (violet to slight yellow) is accompanied by an absorbance decrease,
and the scavenger activity (SA) is expressed in % through the formula:

% SA = 100 x Ah,
he

h. = control absorbance (DPPH + EtOH)
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hx = test absorbance (DPPH + subst. test)

Ahy = he —hy

The BHT (10) will be utilized as reference substance of the scavenger activity of free
radicals (positive control). The a-tocopherol or the Trolox (stable analogous of the
vitamin E) may also be employed as reference substances. All must present 90-100 %
of SA [17-19].

The potency of the scavenger activity may be obtained through the construction of a
concentration-effect curve for the determination of the ECso, when the assay is done for
different concentrations of the test compound.

An application of the assay: Evaluation of the antioxidant profile of new prototypes
of anti-inflammatory drugs.

In our research group, we have described a new series of 1,2-benzothiazine
derivatives [20] (13) structurally planned by the molecular hybridization of the
nonsteroidal anti-inflammatory drug meloxicam (12, Movatec®) with the BF-389 (8),
aiming at incorporating structural requisites that aggregate a free radical scavenger
profile into the classical anti-inflammatory profile described by (12) (Fig. 5).

The evaluation of the antioxidant potential of this series of compounds in the
spectrophotometric assay of the DPPH (11) allowed us to evidence a very important
activity for the phenolic derivative (13a), i.e., SA = 157 %, superior to that of the BHT
(10) used as standard (SA = 100 %) [21]. The investigation of the anti-inflammatory
profile of this series of derivatives (13) on the carrageenan-induced rat paw edema
model permitted us to characterize an anti-inflammatory activity for (13a), i.e., 33 % of
inhibition of the formation of the edema, correlating with its accentuated capacity of

trapping free radicals [21].
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Fig. 5 Structural planning of a new nonsteroidal anti-inflammatory prototype 1,2-benzothiazine derivative (13a).
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High standards in safety measures should be maintained in

all work carried out in Medicinal Chemistry Laboratories.
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