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Abstract
A series of Schiff bases have been synthesized from dicarbaldehyde of benzocoumarin, in which the reactions were regioselective and the
products existed in the keto-enamine form, in which the aromaticity of the relevant ring was disrupted. The compounds were evaluated in vitro
for their antioxidant and in vivo for their antidyslipidemic activity for the first time. Compounds 3 and 7 possess significant lipid lowering and
antioxidant activity.
� 2007 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Coumarins are one of the most important classes of fluores-
cent molecules and they are found to possess versatile biolog-
ical activities [1]. They have been used to treat such diverse
ailments as cancer, burns, brucellosis rheumatic [2] and car-
diovascular diseases. Various coumarin related derivatives
are recognized as inhibitors of the lipoxygenase and cycloox-
ygenase pathways of arachidonate metabolism [3e5] but also
of neutrophile dependent superoxide anion generation.

Many coumarin derivatives have special ability to scavenge
reactive oxygen species (ROS) free radicals, such as hydroxyl
radicals, superoxide radicals or hypochlorous acid and to
influence processes involving free radical injury [6,7]. Couma-
rins have been evaluated in vitro for their inhibitory activity
toward bovine alfa-chymotrypsin, human leukocyte elastase
* CDRI communication no. 7333.

* Corresponding author. Tel.: þ91 522 2612411/18x4437; fax: þ91 522

2623405.

E-mail address: sashidhar123@gmail.com (K.V. Sashidhara).

0223-5234/$ - see front matter � 2007 Elsevier Masson SAS. All rights reserved.

doi:10.1016/j.ejmech.2007.10.029
[8e10] and thrombin plasmin and tissue plasminogen acti-
vator. Many coumarins were found to inhibit lipid per-
oxidation and to scavenge hydroxyl radicals and superoxide
anion [11].

Recently, Madhavan et al. [12] have shown that coumarin
derivatives of heterocyclic compounds can act as lipid lower-
ing agents. Oxidative stress has recently been implicated in the
pathogenesis of various diseases such as diabetes and CAD.
Consequently, the potential therapeutic or preventive effects
of antioxidative agents have been mentioned.

Thus, we found evaluating the Schiff base derivatives for
their antioxidant behaviour and their antidyslipidemic activity
interesting. The structure of our derivatives in addition to the
biological active coumarin nucleus, possesses amine moiety
and extended conjugation that is responsible for its highly
fluorescent and antioxidant nature.
2. Chemistry

In continuation of our drug discovery programme we had
synthesized 4-substituted coumarin derivatives.
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Our synthetic strategy to prepare 4-substituted coumarin
started with widely used Pechmann reaction [13] between
naphthalene 1,5-diol 1, and beta-keto ester to give 7-hydroxy-
4-methyl-benzo(h)chromene-2-one 2. The resultant coumarin
2 was subjected to Duff reaction [14] to give 7-hydroxyl-4-
methyl-2-oxo-2H-benzo(h)chromene-8,10 dicarbaldehyde 3.
As the effective role of azomethine linkage in certain biological
reactions is well documented [15], we further wanted to intro-
duce a nitrogenous side chain to improve its pharmacological
activity. The dialdehyde 3 was condensed with various primary
amines to give the respective Schiffs bases 4 (Scheme 1). These
bases are converted into enamines because of extended conju-
gation in this system that stabilize them and that is the driving
force for overcoming aromatic stabilization. The synthesis and
detailed NMR characterization of the derivatives were given in
our previous publication [16].

In some cases the purification of the compounds was very
difficult. Some derivatives were recrystalized by absolute eth-
anol. The structures of the compounds were confirmed by
spectral analysis (Table 1).

3. Biological activity

The present study has been undertaken to evaluate the anti-
dyslipidemic activity of benzocoumarin derivatives of Schiff
bases in triton model. The antioxidant activity of these deriv-
atives was also evaluated by generating free radicals in vitro in
the absence and presence of these derivatives.
3.1. Animals used
Rats (Charles Foster strain, male, adult, body weight
200e225 g) were kept in a room with controlled temperature
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(25e26 �C), humidity (60e80%) and12/12 h light/dark cycle
(light on from 8.00 A.M. to 8.00 P.M.) under hygienic con-
ditions. Animals, which were acclimatized for one week be-
fore starting the experiment, had free access to the normal
diet and water.
3.2. Lipid lowering activity
Rats were divided into ten groups control, triton induced,
triton plus 2, 3, 4, 5, 7, 8, 10, 11 and Gemfibrozil (100 mg/
kg) treated groups containing six rats in each group. In this
experiment of 18 h, hyperlipidemia was developed by admin-
istration of triton WR-1339 (Sigma chemical company,
St. Louis, MO, USA) at a dose of 400 mg/kg. b.w. intraperito-
neally to animals of all the groups except the control. These
derivatives were macerated with gum acacia (0.2% w/v), sus-
pended in water and fed simultaneously with triton at a dose of
100 mg/kg po to the animals of treated group and the diet be-
ing withdrawn. Animals of control and triton group without
treatment with coumarin compounds were given same amount
of gum acacia suspension (vehicle). After 18 h of treatment
the animals were anaesthetized with thiopentone solution
(50 mg/kg b.w.) prepared in normal saline and then 1.0 ml
blood was withdrawn from retro-orbital sinus using glass
capillary in EDTA coated Eppendorf tube (3.0 mg/ml blood).
The blood was centrifuged (at 2500g) at 4 �C for 10 min
and plasma was separated. Plasma was diluted with normal
saline (ratio of 1:3) and used for analysis of total cholesterol
(Tc), triglycerides (Tg) and phospholipids (Pl) by standard
enzymatic methods [17] using Beckmann auto-analyzer and
standard kits purchased from Beckmann Coulter International,
USA.
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Table 1

Spectral data of compounds (2e11)

Compound ESIMS

(M+1)

IR (nmax) (KBr, cm�1) 1H NMR (300 MHz)

nNH nOH nHeC¼O nOeC¼O

2 227 e 3176 e 1677 (DMSO-d6) d 10.59 (s, 1H, eOH, exchangeable), 8.02 (d, J¼ 12.0 Hz, 1H, C6eH), 7.76

(d, J¼ 9.0 Hz, 1H, C10eH), 7.64 (d, J¼ 9.0 Hz, 1H, C5eH), 7.48 (t, J¼ 9.0 Hz, 1H, C9eH), 7.05

(d, J¼ 6.0 Hz, 1H, C8eH), 6.43 (s, 1H, C3eH), 2.47 (s, 3H, eCH3).

3 283 e 3398 1727 1631 (DMSO-d6) d 10.96 (s, 1H, eCHO), 10.32 (s, 1H, eCHO), 8.33e8.29 (m, 2H, C6, C8eH), 7.95

(d, J¼ 9.0 Hz, 1H, C5eH), 6.65 (s, 1H, C3eH), 2.52 (s, 3H, eCH3).

4 338 3432 e 1737 1595 (CDCl3) d 13.83 (s, 1H, eNH, exchangeable), 11.14 (s, 1H, eCHO), 8.43 (d, J¼ 9.0 Hz, 1H,

C6eH), 8.15e8.11 (m, 2H, C9eH, eNHeCH), 7.64 (d, J¼ 9.0 Hz, 1H, C5eH), 6.45 (s, 1H,

C3eH), 2.67 (s, 3H, eCH3), 1.52 (s, 9H, t-butyl).

5 324 3434 e 1737 1597 (CDCl3) d 13.56 (s, 1H, eNH, exchangeable), 11.14 (s, 1H, eCHO), 8.44 (d, J¼ 6.0 Hz, 1H,

C6eH), 8.12e8.06 (m, 2H, C9eH, eNHeCH), 7.66 (d, J¼ 9.0 Hz, 1H, C5eH), 6.45 (s, 1H,

C3eH), 4.0e3.91 (m, 1H, eNHeCH), 2.67 (s, 3H, eCH3), 1.52 (d, J¼ 6.0 Hz, 6H,

isopropyl-CH3).

6 296 3407 e 1729 1658 (CDCl3) d 13.52 (s, 1H, eNH, exchangeable), 11.17 (s, 1H, eCHO), 8.48 (d, J¼ 6.0 Hz, 1H,

C6eH), 8.12 (s, 1H, C9eH), 8.03 (d, J¼ 12.0 Hz, 1H, HNeCH¼), 7.68 (d, J¼ 9.0 Hz, 1H,

C5eH), 6.46 (s, 1H, C3eH), 3.50 (d, J¼ 4.0 Hz, 3H, eHNeCH3), 2.58 (s, 3H, eCH3).

7 380 3429 e 1719 1640 (CDCl3) d 13.50 (s, 1H, eNH, exchangeable), 11.15 (s, 1H, eCHO), 8.47 (d, J¼ 9.0 Hz, 1H,

C6eH), 8.13 (s, 1H, C9eH), 8.05 (d, J¼ 12.0 Hz, 1H, HNeCH¼), 7.65 (d, J¼ 9.0 Hz, 1H,

C5eH,), 6.45 (s, 1H, C3eH), 3.73e3.67 (m, 2H, eHNeCH2), 2.51 (s, 3H, eCH3), 1.78e0.91

(m, 13H, heptyl).

8 310 3437 e 1731 1643 (CDCl3) d 13.54 (s, 1H, eNH, exchangeable), 11.16 (s, 1H, eCHO), 8.47 (d, J¼ 9.0 Hz, 1H,

C6eH), 8.12 (s, 1H, C9eH), 8.04 (d, J¼ 12.0 Hz, 1H, HNeCH¼), 7.66 (d, J¼ 9.0 Hz, 1H,

C5eH), 6.46 (s, 1H, C3eH), 3.75 (m, 2H, HNeCH2), 2.58 (s, 3H, eCH3), 1.53 (t, 3H,

CH2eCH3).

9 324 3410 e 1728 1595 (CDCl3) d 13.52 (s, 1H, eNH, exchangeable), 11.13 (s, 1H, eCHO), 8.44 (d, J¼ 6.0 Hz, 1H,

C6eH), 8.10 (s, 1H, C9eH), 8.05 (d, J¼ 12.0 Hz, 1H, HNeCH¼), 7.65 (d, J¼ 6.0 Hz, 1H,

C5eH), 6.45 (s, 1H, C3eH), 3.66e3.64 (m, 2H, HNeCH2), 2.62 (s, 3H, eCH3), 1.92 (m,

2H, eCH2eCH2eCH3), 1.08 (t, 3H, eCH2eCH2eCH3).

10 338 3422 e 1722 1590 (CDCl3) d 13.44 (s, 1H, eNH, exchangeable), 11.05 (s, 1H, eCHO), 8.32 (d, J¼ 9.0 Hz,

1H, C6eH), 8.05e7.98 (m, 2H, C9eH, eHNeCH¼), 7.63 (d, J¼ 8.6 Hz, 1H, C5eH), 6.41 (s,

1H, C3eH), 3.68e3.66 (br m, 2H, HNeCH2), 2.53 (s, 3H, eCH3), 1.85e1.75 (m,

2H, eCH2eCH2eCH2eCH3), 1.61e1.44 (m, 2H, eCH2eCH2eCH2eCH3), 1.06

(t, 3H, eCH2eCH2eCH2eCH3).

11 395 3427 e 1726 1590 (CDCl3) d 13.39 (s, 1H, eNH, exchangeable), 11.13 (s, 1H, eCHO) 8.44 (d, J¼ 9.0 Hz,

1H, C6eH), 8.10e8.05 (m, 2H, C9eH, eHNeCH¼), 7.64 (d, J¼ 8.6 Hz, 1H, C5eH), 6.45

(s, 1H, C3eH), 3.79e3.74 (m, 10H, eHNCH2eCH2, morpholine ring), 3.50e3.44 (m,

2H, eHNCH2eCH2), 2.58 (s, 3H, eCH3).
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3.3. Antioxidant activity (generation of free radicals)
Super oxide anions (O�2) were generated enzymatically
[18] by xanthine (160 mM), xanthine oxidase (0.04 U) and
nitroblue tetrazolium (320 mM) in absence or presence of
compounds (100 mg/ml) in 100 mM phosphate buffer (pH
8.2). Fractions were sonicated well in phosphate buffer before
use. The reaction mixtures were incubated at 37 �C and after
30 min the reaction was stopped by adding 0.5 ml glacial
acetic acid. The amount of formazone formed was measured
at 560 nm on a spectrophotometer. Percentage inhibition was
calculated taking absorption coefficient of formazone as
7.2� 103 M�1 cm�1. In another set of experiment, an effect
of compounds on generation of hydroxyl radicals (OH�)
was also studied by non-enzymic reactants [19]. Briefly
OH� were generated in a non-enzymic system comprised of
deoxy ribose (2.8 mM), FeSO4$7H2O (2 mM), sodium ascor-
bate (2.0 mM) and H2O2 (2.8 mM) in 50 mM KH2PO4 buffer,
pH 7.4 to a final volume of 2.5 ml. The above reaction mix-
tures in the absence or presence of compounds (100 mg/ml)
were incubated at 37 �C for 90 min. Reference samples and
reagent blanks were also run simultaneously. Malondialdehyde
(MDA) content in both experimental and reference samples
were estimated spectrophotometrically by thiobarbituric acid
method as mentioned above [20].
3.4. Statistical evaluation
Data were analyzed using Student’s t-test. The hyperlipi-
demic groups were compared with control drug treated groups.
Similarly the generations of oxygen free radicals with different
benzocoumarin derivatives were compared with that of their
formation without compounds. P< 0.05 was considered to
be significant.

4. Results and discussion
4.1. Effect of benzocoumarin derivatives
on hyperlipidemia
Administration of Triton WR-1339 in rats induced
marked hyperlipidemia as evidenced by increase in the
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plasma level of Tc (3-fold) Pl (2.76-fold) and Tg (2.87-fold)
as compared to control. Treatment of hyperlipidemic rats
with benzocoumarin derivatives at the dose of 100 mg/kg
p o reversed the plasma levels of lipid with varying extents.
Compounds 3, 7 and 11, showed significant decrease in
plasma levels of Tc, Pl and Tg by 23, 25, 21%; 24, 20,
22% and 20, 21, 25%, respectively, while compounds 2,
4, 5, 8, and 10 showed mild lipid lowering activity. These
data compared with standard drug Gemfibrozil at the similar
dose of 100 mg/kg showed decrease in plasma levels of Tc,
Pl, Tg by 33, 32, 34%, respectively (Fig. 1).
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4.2. Effect of benzocoumarin derivatives on oxygen free
radical generation in vitro
drug
Compounds

Fig. 2. The effect of benzocoumarin derivatives (100 mg/ml) on superoxide ion

(n mol formazone formed/min), hydroxyl ion (n mol MDA formed/h) and lipid

peroxidation in microsomes (n mol MDA formed/mg protein) is shown (standard

drugs for superoxide anions e Alloperinol (20 mg/ml), hydroxyl ions e Manitol

and for microsomal lipid peroxidation e a-Tocopherol (100 mg/ml) were used).
The scavenging potential of coumarin derivatives at
100 mg/ml against formation of O2

� and OH� in non-enzymic
systems was studied (Fig. 2). Further, the effect of com-
pounds on lipid peroxidation in microsomes was also studied.
Compounds 3 and 7 showed significant decrease in superox-
ide anions inhibition by 72 and 45%, respectively, and
hydroxyl radicals inhibition by 52 and 49%, respectively.
However, compounds 3, 7, 10 and 11 showed 27, 24, 37,
31% inhibition in microsomal lipid peroxidation, respec-
tively. The standard drug Alloperinol at 20 mg/ml showed
90% inhibition in superoxide anions. Manitol and a-Tocoph-
erol at the same dose of 100 mg/ml showed 48 and 45% in-
hibition of hydroxyl ions and microsomal lipid peroxidation,
respectively. However, compounds 6 and 9 did not show any
significant activity. Compounds 3 and 7 showed good activity
in both lipid lowering and antioxidant experiments, com-
pound 3 having aromatic dialdehyde with free hydroxyl at
position 7 and in case of compound 7 (R¼ heptyl amine)
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Fig. 1. The lipid lowering activity of different benzocoumarin derivatives

(100 mg/kg) in triton treated hyperlipidemic rats is shown. Triton treated

group is compared with control and drug treated group is compared with triton

group (units e mg/dl).
the significant activity could be attributed to optimum lipo-
philicity that might be playing an important role.

The involvement of hydroxyl free radicals (OH�) has been
found to be a major causative factor for peroxidative damage
to lipoproteins which is responsible for inhibition and progres-
sion of atherosclerosis in hyperlipidemic subject [21]. Hyper-
lipidemia may also induce other abnormalities like oxidation
of fatty acids, leading to the formation of ketone bodies as
well as masking liver and muscle resistance to insulin which
initiates the progress of diabetes in patients [22]. Furthermore,
due to hyperglycemia, increase in non-enzymic glycosylation
occurs, accompanied with glucose oxidation and these reac-
tions being catalyzed by Cuþ2 and Feþ2, result in formation
of O�2 and OH� radicals which further accelerates the risk
of cardiac diseases in dyslipidemic patients [23].

In order to overcome these ailments, a drug having multi-
fold properties such as antioxidant, anti-diabetic and lipid
lowering activities is in great demand. In our present study,
we have investigated these properties in different derivatives
of benzocoumarins. Both 3 and 7 caused significant decrease
in the plasma level of lipid in triton models of hyperlipid-
emia. Triton WR-1339 acts as surfactant, suppresses the ac-
tion of lipase and blocks the uptake of lipoproteins from the
circulation by extrahepatic tissues resulting in an increase in
the levels of circulating lipid [24]. These test samples in-
hibited cholesterol biosynthesis and potentiated the activity
of lipolytic enzymes to early clearance of lipids from circu-
lation in triton-induced hyperlipidemia. We have successfully
used this model for evaluation of lipid lowering activity of
benzocoumarin derivatives. To access the antioxidant activity
of benzocoumarin derivatives, we have used in vitro model
of non-enzymic and enzymic superoxide and hydroxyl radi-
cals generation.
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