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Abstract
Coumarin Schiff-bases (CSB) possessing different substituents on the 4-methyl-2-substituted phenyl imino-2H-chromene-7-ol
molecule were evaluated for their in-vitro antioxidant and plausible anti-inflammatory potential. The antioxidant studies of
selected CSB were carried out by determining their reducing power, OHz radical scavenging activity, scavenging of stable 2,2-
diphenyl-1-picrylhydrazine (DPPHz) radical and inhibition of the polyphenol oxidase (PPO) enzyme. The assessment of
possible anti-inflammatory potential was performed by trypsin inhibition assay and inhibition of b-glucuronidase. All the CSBs
under study showed significant reducing effects. The majority of the tested CSBwere found to be effective scavengers of DPPHz

radical with moderate to low OHz scavenging ability and significantly inhibited the activity of PPO. With few exceptions, results
from the inhibition assay of trypsin and b-glucuronidase were not encouraging, however they may be helpful in defining
structure-activity relationships in further optimization of the lead molecules.
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Introduction

In recent years antioxidants, a highly heterogeneous

group, is emerging as a new approach of therapy called

‘antioxidant therapy’ [1,2]. The highly reactive,

electrically charged free radicals usually generated

during cellular respiration andnormalmetabolismhave

been implicated in the causation of various ailments in

humans such as cancer, liver cirrhosis, atherosclerosis,

diabetes, cardiovascular disease, immune system

decline, brain dysfunction and cataracts [3,4]. Anti-

oxidants allow aerobic organism to withstand daily

episodesof oxidative stress by counteracting the adverse

effect of free radicals generated in the body and helps to

ameliorate the aforesaid ailments [5]. In addition,

antioxidants delay or inhibit oxidation process of

important biological macromolecules such as carbo-

hydrates, fats, proteins and DNA [6].

Coumarin is a flavonoid which is a natural

constituents of many plants and essential oils [7].

Coumarin and its derivatives are reputed for their use

in the treatment of diverse diseases such as cancer,

burns, brucellosis, and rheumatic disorders [8] and

have been reported to possess considerable anti-

inflammatory, antiallergic and antihaemorrhagic

activities [9]. Some of the coumarin analogs have

been described as inhibitors of cyclooxygenase [10]

a key enzyme involved in inflammation process.

Interestingly, coumarins also have an inhibitory effect

on DNA gyrase which may be linked to their anti-

human immunodeficiency virus (HIV) activity [11].

Several novel 4-styryl coumarin derivatives are

reported to be effective against HIV and cancer

[12]. Recently several linear and angular coumarins

have been designed as anti-inflammatory and anti-

oxidant agents [13].
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The circumstantial literature concerning coumarin

derivatives cited above inspired us to conduct in-vitro

antioxidant/possible anti-inflammatory evaluation of

CSBs. Assessment of the in-vitro antioxidant activity

of CSB was carried out by performing tests/assays of

their reduction potential, interaction with DPPHz

radical, scavenging of OHz radical and effect on PPO

activity, while their plausible anti-inflammatory

potential was described by performing trypsin and

b-glucuronidase inhibition assay. An attempt has been

made to correlate the obtained results with the

structural features of the tested CSBs.

Materials and Methods

Materials

The compounds to be tested were selected from the

ongoing research conducted in the synthesis of

coumarin derivatives in the post graduate chemistry

research laboratory, Yeshwant College Nanded (MS)

India and were synthesized by the reported method

[14]. 2,2-Dphenyl-1-picrylhydrazine (DPPHz),

b-glucuronidase (EC 3.2.1.31, 25,000 units, source:

E. Coli), were obtained from Sigma-Aldrich Co.

(St. Louis MO, USA), p-nitrophenyl-b-D-glucopyr-

anosiduric acid was purchased from CALBIOCHEM

(EMD Biosciences Inc. La Jolla CA) and trypsin form

SISCO Research Lab. Ltd. Mumbai. L-DOPA (3,4

dihydroxyphenyl L-alanine), glutathione (reduced

form) were purchased from s. d. Fine Chemicals

Ltd. Mumbai.

All other reagents and solvents used were obtained

from commercial sources and were of analytical grade.

Determination of the reducing power of CSBs [15]

Applying the method of Sasaki et al (1991), which

utilizes the ability of antioxidants to reduce Fe3þ of

K3Fe(CN)e to Fe2þ, the reducing power of CSB was

determined by the decrease in absorption of

K3Fe(CN)6 at 420 nm. The reaction mixture con-

tained 500ml solution of individual CSBs (1mM in

0.5% v/v dimethyl formamide) in 3 ml of 1mM

potassium ferricynide solution and the absorbence

was measured at 420 nm after 10min incubation time.

Glutathione was used as a reference compound.

Determination of OHz radical scavenging activity of

CSBs [16]

Hydroxyl radicals were generated by a Fe3þ/ascorbic

acid system. The detection of OHz radicals was carried

out by measuring the formaldehyde produced from

the oxidation of dimethyl sulfoxide (DMSO). The

reaction mixture contained 0.1mM EDTA, 167mM

Fe3þ, 33mM DMSO in phosphate buffer 50mM pH

7.4, 1mM of the test CSB and 150ml of ascorbic acid

(10mM in phosphate buffer) were added finally to

start the reaction. The reaction was terminated after

30min incubation by adding 17% (w/v) CCl3COOH.

The formaldehyde produced was detected spectro-

photomertically at 412 nm. Coumarin (1mM) was

used as a standard compound.

Determination of DPPHz radical scavenging activity of

CSBs [17]

The DPPHz radical scavenging assay was carried out

according to the reported method [17]. The DPPHz

radical scavenging activity of the sample CSB (1mM,

in absolute ethanol) was determined by mixing equal

volumes of CSB and DPPHz radical (1024M in

absolute ethanol) solutions. After 20min the absor-

bance at 517 nm was recorded on a UV-Visible

spectrophotometer. Glutathione (1mM) was used as a

reference compound.

Effect of CSBs on polyphenol oxidase (PPO) activity

A semi-pure preparation of PPO was used to study the

effect of CSBs on PPO activity. Extraction of PPO was

by the reported method [18]. The determination of

protein and the PPO assay were carried out by the

methods described by Lowry, et al [19] and Pathak,

et al [20], respectively. The reaction mixture contained

L-DOPA (1ml, 2mM), 0.5ml enzyme (0.618mg

protein), 1ml test CSBs (1mM in 0.5% v/v, dimethyl

formamide) and citrate buffer (0.5 ml, pH 4.8,

0.1M). L-cysteine (1mM) was used as a reference

compound. One unit of enzyme activity was defined as

the amount of enzyme which caused an increase in

absorbance of 0.001min21 at 470 nm at 258C and pH

4.8, which corresponds to the formation of 0.01mMof

product (dopachrome).

Anti-proteolytic activity of CSBs [21]

A trypsin inhibition assay was conducted to evaluate

the anti-proteolytic potential of CSBs. The test CSB

(1mM in 0.5% v/v, dimethyl formamide) was added to

trypsin (0.075mg/ml) for 20min. After this time the

substrate, bovine serum albumin (6g/100ml, in 0.1M

phosphate buffer, pH 7.6) was added and after 20min

incubation at 378C, the reaction was terminated by

the addition of 3ml trichloroacetic acid (5%, w/v). The

mixture were centrifuged at 5000RPM for 10min and

the acid soluble fraction obtained in the supernatant

was subjected to protein determination by the Folin-

Lowry method [19]. Salicylic acid (1mM) was used as

a standard compound for comparison.

Effect of CSBs on b-glucuronidase activity [22]

The b-glucuronidase inhibition assay was performed

by preincubating the test CSB (1mM), dissolved by
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adding 0.5% v/v, dimethyl formamide, in 0.1M

acetate buffer pH 7.4 for 5min at 378C with 0.8ml

of 2.5mM p-nitrophenyl-b-D-glucopyranosiduronic

acid followed then by 0.1ml of b-glucuronidase. After

30min incubation the reaction was terminated by

addition of 2ml of 0.5N NaOH and the mixture

measured spectrophotometrically at 410 nm. Salicylic

acid (1mM) was used as a standard compound

(Figure 1).

The % reducing activity, OHz radical scavenging

activity, DPPHz radical scavenging activity, antipro-

teolytic activity and b-glucuronidase activity was

calculated using the equation [23]:

% activity ¼ ½ðODcontrol 2ODsampleÞ=ODcontrol� £ 100:

Results and Discussion

The results summarized in Table I, shows that all the

CSBs under study possess fair reducing activity within

a range of 13.16 to 40.75%. Compound C2 showed a

maximum of 40.75% reducing activity followed by

compound C6 (32.51%) and C9 (34.33%). The

reducing ability of CSBs seems to be related to the

number of hydroxyl and /or proton donating groups

present. In general, compounds possessing reducing

activity and superoxide anion scavenging activity can

be potential candidates for inhibition of cyclooxyge-

nase, a key enzyme in recruiting inflammation [24].

OHz radicals have been reported to play a critical

role in the physiological control of cell function [25].

They react with extremely high rate constants with

almost every type of molecules found in living cells:

sugars, amino acids, phospholipids, DNA bases,

organic acids and may change the normal physiologi-

cal functions of the cells [26].Moreover in rheumatoid

arthritis and related disorders, the reaction of nitric

oxide with superoxide generates peroxynitrite which,

under the acidic conditions often found in regions of

inflammation and ischemia, yields hydroxyl radicals

[27]. The hydroxyl radicals thus generated in the

above reaction have been blamed for the membrane

damage of the cells in regions of inflammation [28].

In the present study OHz radicals were generated by

the Fe3þ/ascorbic acid system. The inhibition of

formaldehyde production from the oxidation of

DMSO was used for the evaluation of the OHz radical

scavenging ability of the CSBs. The results in Table I

indicate that compound C3 (46.15%) inhibition has

shown the highest OHz scavenging activity followed by

compound C6(26.928). Compounds C2, C4 and C7

did not inhibit the oxidation of DMSO. Compounds

C1 (17.94%), C5(14.10%) and C8(19.25%) exhib-

ited considerable inhibition of formaldehyde for-

mation. It is indeed difficult to explain the OHz

scavenging activity of the CSBs with respect to their

structural features.

The assay for scavenging free radicals is based on

measurement of the scavenging ability of antioxidants

towards the DPPHz radical, which reduced to the

corresponding hydrazine when it reacts with hydrogen

donors [29]. This assay is considered valid and easy

for the evaluation of the free radical scavenging

activity of antioxidants, since the radical compound is

Figure 1. Structures of the selected CSBs.

Table I. Profile of % reducing activity (% RA), OHz radical

scavenging activity (%OHz) and DPPHz radical scavenging activity

(%DPPHz) of CSBsa.

CSBs (1mM) % RA %OHz % DPPHz

C1 18.66 17.94 16.44

C2 40.75 NRb 47.74

C3 17.58 46.15 15.46

C4 13.68 NR 12.16

C5 16.00 14.10 10.89

C6 32.51 26.92 42.26

C7 13.16 NR 14.64

C8 24.25 19.23 35.59

C9 34.33 16.66 38.70

AAb 57.56 NPb NP

COU NP 2.56 NP

GLU NP NP 59.97

aThe results presented are the mean values of duplicate

measurements. bAA- ascorbic acid, COU-coumarin, GLU-glu-

tathion, NR-no results under experimental conditions, NP-not

performed.
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stable and does not have to be generated as for other

radical scavenging assays [30]. In the present

investigations it is evident from Table I, that all

CSBs have shown DPPHz radical scavenging activity

within a range of 10.89-47.74%. Compounds C2

(47.74%) and C6 (42.26%) were found to be the most

reactive towards the DPPHz radical, compounds C1,

C3-C5, and C7 were found to possess a similar but

average DPPHz scavenging activity, whereas C8

(35.59%) and C9 (38.70%) showed significant

interaction with the DPPHz radical. As stated in the

basis of this assay, antioxidants possessing hydrogen

donors have more preference for scavenging DPPHz

radical and this applies to some of the CSBs showing

maximum effect.

In the present studies, the enzyme polypenol

oxidase (PPO, EC: 1.14.18.1) has been studied as a

model oxidizing enzyme. PPO catalyzes the oxygen-

dependent oxidation of diphenols to quinines [31].

The results summarized in Table II show that except

for compound C2 all the CSBs showed PPO

inhibitory activity. Compounds C8 (activity reduced

to 2402U/mg) and C9 (2496U/mg) were found to be

more effective as compared to other CSBs (Table II).

It has been reported that the functional unit of PPO

contains a pair of Cu ions and the interaction of the

inhibitor with copper affect the site for binding the

phenolic substrate [32]. The tested CSBs may

interference with the copper site thereby inhibiting

the PPO activity. It has been also suggested that

coumarin and related derivatives may chelate divalent

metal ions [13].

In all of the inflammatory cascades found in the

body there are enzyme-mediated parts that involve

serine proteases e.g. the pancreatic enzyme trypsin,

elastase and enzymes of the complement system [33].

Serine protease inhibition has been considered as one

of the targets for designing anti-inflammatory agents

[34]. In the present work the inhibition of trypsin-

induced hydrolysis of bovine serum albumin by CSBs

was investigated. The results shown in Table II

indicate that compounds C3 (47.4%), C2 (34.2%)

and C6 (31.12%) can be graded as the most effective

anti-proteolytic agents, C5, C7 and C8 have no effect

on the activity of trypsin and C1 (23.4%) and C9

(20.23%) can be considered as potential anti-

proteolytic agents. Presence of electron donating

groups and/or electronegative environment may be

the possible reasons for the inhibition of trypsin by

some compounds, however the same cannot be said

for all the CSBs showing trypsin inhibitory activity.

Granulocytes, especially polymorphonuclear neutro-

phils have been implicated as mediators for inducing

inflammations [35]. The enzyme b-glucuronidase is

present in the lysosomes of neutrophils and has been

reported as one of the mediators for recruiting the

inflammation process [35,36]. The results in Table II

show that, amongst the tested CSBs, compounds C1,

C4, C5, C7 and C9 were not inhibitors of

b-glucuronidase, while compounds C3 (1.1%), C2

(0.8), C6 (0.65%) and C8 (0.48%) were found to

have negligible effect on its activity. It can be assumed

that the presence of a nitro group and/or the

electronegative influence and the overall steric effect

of CSBs might be the contributing factors for

inhibition of b-glucuronidase

Conclusion

It can be concluded from the results of the present work

that CSBs containing variously substituted 4-methyl-

2-substituted phenyl imino-2H-chromene-7-ol as a

basic nucleus can be considered as a potential agent for

designing antioxidant/anti-inflammatory agents.

Further studies such as in-vivo anti-inflammatory

activity and effect on cellular toxicity are underway and

such information may give a better understanding for

designing a lead molecule.
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