
Introduction

Cardiovascular diseases are the most common cause of 
death in industrialized countries1. Hyperlipidemia is one of 
the important risk factors involved in the development of 
cardiovascular disease2. Many clinical trials have demon-
strated that increases in plasma total cholesterol (TC) and 
triglyceride (TG) levels are implicated in the development of 
atherosclerosis3,4.

Triton WR-1339 (a nonionic detergent that results in 
a milky serum lasting up to 48 h) has been widely used to 
produce acute hyperlipidemia in animal models in order to 
screen natural and chemical drugs5. The accumulation of 
plasma lipids by Triton WR-1339 appears to be due to the 
inhibition of lipoprotein lipase activity6.

Fibrate derivatives are among the most widely used anti-
hyperlipidemic drugs in the world, and have been shown 
to be effective in preventing coronary heart diseases in 
hyperlipidemic patients7, and in patients with a low level of 

high-density lipoprotein cholesterol (HDL-C)8. The major 
pharmacological mechanism of fibrates, including bez-
afibrate, is supposed to be increased hydrolysis of TG by the 
induction of lipoprotein lipase and reduction of apolipopro-
tein C-III synthesis9.

During the past decade, much attention has been given 
to studies focused on the synthesis of benzofuran-contain-
ing agents and their pharmacological activities10,11. From 
these studies it was found that compounds containing the 
benzofuran ring have a promising potential effect as lipid-
lowering agents12,13.

Given the importance of correcting hyperlipidemia 
to improve the risk of developing cardiovascular dis-
ease, the present study focused on the synthesis and 
pharmacological evaluation of novel derivatives of 
benzofuran-2-carboxamide, compound 4 [N-(9,10-
d i hyd ro - 9 , 1 0 - d i oxo a nt h ra c e n - 2 - y l ) b ezo f u ra n - 2 -
carboxamide] and compound 5 [N-(4-benzoylphenyl)
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dose of 15 mg/kg body weight, compounds 4, 5, and BF significantly reduced elevated plasma TG levels after 7 
and 24 h. Furthermore, HDL-C levels were remarkably increased in all treated groups after 7 and 24 h compared to 
the hyperlipidemic control group. However, only compounds 4 and 5 treated groups clearly showed a significant 
reduction in plasma total cholesterol levels after 7 and 24 h. It is therefore reasonable to assume that compounds 
4 and 5 may have promising potential in the treatment of hyperlipidemia and atherosclerosis.
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benzofuran-2-carboxamide], as lipid-lowering agents  
(Figure 1).

Materials and methods

Chemical studies
Melting points (m.p.) were determined using a Stuart 
Scientific electrothermal melting point apparatus and are 
uncorrected. Infrared (IR) spectra were recorded on an Avatar 
Thermo Nicolet Impact 400 FT-IR spectrophotometer using 
Smart Omni-Transmission software; all samples were pre-
pared as potassium bromide (Acros, Belgium) disks. 1H- and 
13C-nuclear magnetic resonance (NMR) spectra were meas-
ured on a Bruker UltraShield 300 MHz instrument operating 
at 300 MHz (1H) and 75 MHz (13C), respectively. Elemental 
analysis of C, H, and N was performed on a Euro elemental 
analyzer (model EA3000 A; Italy). The analytical results for the 
elements were within ±0.4% of the theoretical values.

All starting materials were purchased from Sigma-Aldrich 
(St. Louis, MO, USA) and used without further purification. 
Experiments were performed in purified solvents.

Synthesis of benzofuran-2-carbonyl chloride (2)
A mixture of (2 g, 12.3 mmol) benzofuran-2-carboxylic acid 
and (6 mL, 83 mmol) SOCl

2
 in 40 mL of dry dichloromethane 

(DCM) was stirred under reflux for 6 h. After cooling to room 
temperature, DCM and the excess SOCl

2
 were evaporated 

under reduced pressure. The residue was stirred for 10 min 
in DCM and flashed through a short chromatography col-
umn (SiO

2
, DCM). The solvent was removed under reduced 

pressure and the product dried in vacuo to afford 1.8 g (81%) 
as a white precipitate; m.p.: 55–57°C; IR (KBr, cm−1): 3108 
(aromatic CH), 1702 (CO). 1H-NMR: (300 MHz, CDCl

3
) δ 

(ppm): 7.31–7.80 (4H, aromatic), 8.21 (1H’, aromatic).

Synthesis of N-(9,10-dihydro-9,10-dioxoanthracen-2-yl)
benzofuran-2-carboxamide (4)
Benzofuran-2-carbonyl chloride (0.8 g, 4.4 mmol) was added 
to a solution (0.64 g, 4.4 mmol) of 2-aminoanthraquinone 
and (1.3 mL, 8.8 mmol) Et

3
N in dry N,N-dimethylformamide 

(DMF). The reaction mixture was stirred for 24 h under reflux, 
and then cooled to room temperature. DMF and the excess 
Et

3
N were evaporated under reduced pressure, and the resi-

due was stirred for 10 min in CHCl
3
 and flashed through a 

short chromatography column (CHCl
3
:MeOH, 993:7). The 

solvent was removed under reduced pressure and the product 
dried in vacuo to afford compound 4 as a yellow solid (yield: 
51%); m.p.: 259°C; IR (KBr, cm−1): 1671, 1721, 1734 (CO), 
3321  (NH); 1H-NMR: (300 MHz, CDCl

3
) δ (ppm): 6.97 (m, 3H, 

aromatic), 7.47 (s, 1H, H-3), 7.68 (d, 1H, J = 8.8 Hz aromatic), 
7.70–7.75 (m, 4H, aromatic), 7.78 (s, 1H, aromatic), 8.18 (d, 
1H, J = 8.7 Hz aromatic), 8.25 (d, 1H, J = 8.9 Hz aromatic), 
9.15 (s, 1H, NH); MS (CI/ESI negative mode): m/z (%) = 367 
(12), 321 (61), 245 (100), 237 (29). Anal. calcd. for C

23
H

13
NO

4
:  

C, 75.20; H, 3.57; N, 3.81. Found: C, 74.81; H, 4.01; N, 3.43%.

Synthesis of N-(4-benzoylphenyl)benzofuran-2- 
carboxamide (5)
Benzofuran-2-carbonyl chloride (0.8 g, 4.4 mmol) was added 
to a solution (0.87 g, 4.4 mmol) of 4-aminobenzophenone 
and (1.3 mL, 8.8 mmol) Et

3
N in dry N,N-dimethylformamide 

(DMF). The reaction mixture was stirred for 24 h under reflux, 
and then cooled to room temperature. DMF and the excess 
Et

3
N were evaporated under reduced pressure, and the resi-

due was stirred for 10 min in CHCl
3
 and flashed through a 

short chromatography column (CHCl
3
:MeOH, 993:7). The 

solvent was removed under reduced pressure and the prod-
uct dried in vacuo to afford compound 5 as a yellow solid 
(yield: 47%); m.p.: 217°C; IR (KBr, cm−1): 1681, 1729 (CO), 
3395 (NH); 1H-NMR: (300 MHz, CDCl

3
) δ (ppm): 7.30–7.58 

(m, 8H, aromatic), 7.62 (s, 1H, H-3), 7.70 (d, 2H, J = 2.6 Hz 
aromatic), 7.79 (d, 1H, J = 8.6 Hz aromatic), 7.87 (m, 2H, aro-
matic) 8.63 (s, 1H, NH); MS (CI/ESI negative mode): m/z (%) 
= 341 (18), 339 (100), 237 (34); Anal. calcd. for C

22
H

15
NO

3
: C, 

77.41; H, 4.43; N, 4.10. Found: C, 77.01; H, 4.80; N, 3.72%.

Animals and treatments
Fifty-four adult male Wistar rats, weighing around 180 g, 
bred in the animal care center of the Faculty of Pharmacy, 
Al-Zaytoonah University, Amman, Jordan, were provided ad 
libitum access only to tap water throughout the experimental 
duration. Rats were maintained in a 12 h light–dark cycle under 
constant humidity and a temperature of 22 ± 2°C. All experi-
ments were performed in accordance with the Guidelines for 
Animal Welfare Committee of Al-Zaytoonah University.

Triton model of hyperlipidemia
Triton WR-1339 was dissolved in dimethylsulfoxide (DMSO) 
and administered intraperitoneally to the rats (300 mg/kg 
body weight) in order to induce hyperlipidemia.

Pharmacological experimental design
Overnight-fasted rats were randomly divided into five groups 
of six animals each. The first group, serving as the control 
group (CG), received intraperitoneal administration of nor-
mal saline; the second, hyperlipidemic group (HG) received 
an intraperitoneal injection of Triton and were gavaged with 

O O

HN
O

O

O

NH
O

O

(5)

(4)

Figure 1.  Chemical structures of compound 4 [N-(9,10-dihydro-9,10-
dioxoanthracen-2-yl)benzofuran-2-carboxamide] and compound 5 [N-(4-
benzoylphenyl)benzofuran-2-carboxamide].
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4% DMSO (in distilled water). In the third group, compound 
4 was intraperitoneally injected with Triton, followed by an 
intragastric administration of compound 4 (15 mg/kg body 
weight) dissolved in 4% DMSO; in the rats of the fourth group, 
compound 5 was also intraperitoneally injected with Triton, 
followed by an intragastric administration of compound 
5 (15 mg/kg body weight) dissolved in 4% DMSO. The last 
group (BF) was also intraperitoneally injected with Triton, 
and intragastrically treated with bezafibrate (100 mg/kg body 
weight) dissolved in 4% DMSO.

After 7 and 24 h from treatment, animals were anes-
thetized with diethyl ether and blood was collected. The 
blood samples were immediately centrifuged (3000 rpm 
for 10 min) and the plasma was used for lipid analysis by an 
enzymatic method with an automatic analyzer (Erba XL-300; 
Mannheim, Germany).

Statistical analysis
Results are expressed as mean values and standard devia-
tions. Data obtained were analyzed using Student’s t-test, 
and differences with p < 0.05 were considered statistically 
significant.

Results

Synthesis
Benzofuran-2-acyl chloride (2) was prepared in good yield 
by direct reaction of benzofuran-2-carboxylic acid (1) with 
excess thionyl chloride (SOCl

2
) under reflux. The purification 

of benzofuran-2-acyl chloride (2) from its corresponding acid 
(1) was carried out by column chromatography to afford a 
white precipitate (Scheme 1).

In spite of the weakness of 4-aminobenzophenone and 
2-aminoanthraquinone as nucleophiles, their reaction with 
benzofuran-2-acyl chloride (2) in the presence of triethyl-
amine (Et

3
N) produced compounds 4 and 5, respectively 

(Scheme 1). This problem was overcome by applying Et
3
N 

to convert the reactive acyl chloride (2) into a more reactive 
species, acyl ammonium chloride (3) (Scheme 1), in addition 
to its role as soluble base.

Pharmacological activity
Induction of hyperlipidemia by Triton WR-1339
The levels of plasma total cholesterol (TC), triglycerides 
(TG), high-density lipoprotein cholesterol (HDL-C), and 
low-density lipoprotein cholesterol (LDL-C) in the HG 
and CG after 7 and 24 h treatment are shown in Figure 2. 
In comparison with the normal control group (CG), Triton 
WR-1339 caused a significant increase in cholesterol and 
triglyceride plasma concentrations measured either 7 or 
24 h after Triton injection. After 7 h, the plasma total cho-
lesterol was increased by 44% (p < 0.0001) and triglycerides 
more than nine-fold (Figure 2a). After 24 h, the total choles-
terol increase was 20% (p < 0.05) and triglyceride levels were 
markedly increased more than seven-fold (Figure 2b).

Triton WR-1339 caused a significant decrease in HDL 
cholesterol levels (p < 0.0001) in the hyperlipidemic control 
group (HG), at both 7 and 24 h after Triton administration, 
in comparison with the CG. In fact, the decrease of plasma 
HDL-C concentration in the HG was 49% and 37% after 7 h 
and 24 h, respectively, compared to the CG.

When the HG was compared with the CG, we observed 
that after 7 h from Triton injection (Figure 2a), LDL choles-
terol increased by 50% (p < 0.05). This effect was maintained 
until 24 h from Triton injection (Figure 2b).

Effect of compounds 4, 5, and bezafibrate on rat plasma 
lipid profile
The plasma total cholesterol (TC), triglyceride (TG), high-
density lipoprotein (HDL-C), and low-density lipoprotein 
(LDL-C) levels of BF and compounds 4 and 5 treated rats after 
7 and 24 h are shown in Table 1. Importantly, the elevated 
plasma TG levels produced by Triton WR-1339 administra-
tion were significantly (p < 0.0001) suppressed in BF (66%, 

O

O

OH
SOCl2

O

O

Cl

O

O

HN
OO N

O
O

O

H

1 2

54

O

O

N Et
Et

Et Cl
(a) (b)

3

H2N

O

O
(c) H2N

O

(d)

Scheme 1.  Synthesis route for the preparation of compounds 4 and 5. Reagents and conditions: (a) dichloromethane, reflux 6 h; (b) triethylamine; (c), 
(d) N,N-dimethylformamide, 24 h.
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57%), compound 5 (93%, 68%), and compound 4 (80%, 68%) 
groups after 7 h and 24 h, respectively, with respect to the 
hyperlipidemic control group HG.

HDL-cholesterol levels were significantly increased 7 h 
after Triton administration (+80% and +111%, p < 0.0001) in 
BF and compound 4, respectively, and also (+48%, p < 0.001) 
in compound 5, compared to HG (Table 1). On the other 
hand, the increases in HDL-cholesterol levels after 24 h were 
not considered highly significant (+36%, +27%, and +22%, 
p < 0.05) in BF and compounds 4 and 5 groups, respectively, 
compared to HG (Table 1).

Seven hours after treatment, LDL-cholesterol levels were 
lowered (34% and 32%, p < 0.05) in BF and compound 5 
goups, respectively, and especially (58%, p < 0.0001) in the 
group administered compound 4 (Table 1). However, after 
24 h, only the compound 5 treated group had significantly 

lower LDL-cholesterol (36%, p < 0.05) compared to the hyper-
lipidemic control group HG (Table 1).

Treated groups clearly showed a significant reduction in 
plasma total cholesterol levels after 7 and 24 h, except for 
the BF treated group (Table 1). In fact, it was found that total 
cholesterol levels were reduced (by 50% and 18%) after 7 h 
and also (by 14% and 9%) after 24 h in compound 5 and com-
pound 4 groups, respectively.

Discussion

Triton WR-1339 has been widely used as a model to produce 
acute hyperlipidemia in animals by blocking the clearance 
of triglyceride-rich lipoproteins5,14. This model is commonly 
used in rats for screening agents with lipid-lowering activity, 
as the rat is convenient in terms of length of treatment period 
and handling. With this aim, many novel anti-hyperlipidemic 
agents have been assessed for their hypolipidemic activity in 
the Triton WR-1339-induced hyperlipidemic model15,16.

In fact it was demonstrated that parenteral administra-
tion of Triton WR-1339 to adult rats induced hyperlipidemia. 
The maximum plasma total cholesterol and triglyceride 
levels were reached at 20 h, followed by a decline to normal 
values17,18. In our hands, the same model gave a similar pat-
tern of lipid profile changes at either 7 h or 24 h after Triton 
WR-1339 administration (Figure 2a).

It is clear from our results that both compounds 4 and 5 at 
a dose of 15 mg/kg body weight decreased both plasma total 
cholesterol and triglyceride levels in a marked manner, at 
either 7 h or 24 h (Table 1) after Triton treatment.

The large decrease in plasma HDL-C levels due to Triton 
WR-1339 injection results mostly from a progressive displace-
ment of the apo A-1 protein from the HDL surface without 
loss of lipid19. Meanwhile, the large increase in plasma TG and 
TC levels due to Triton administration results mostly from an 
increase of very low-density lipoprotein (VLDL) secretion by 
the liver, accompanied by a strong reduction of VLDL and 
LDL catabolism20.

Thus, since the proportion of triglycerides in VLDL is 
many times higher than cholesterol, it is not surprising 
that the hypolipidemic activity of compounds 4 and 5 

Table 1.  Effect of compounds 4, 5, and bezafibrate on plasma lipid levels in Triton WR-1339-induced hyperlipidemic rats after 7 h and 24 h.

Lipid profile TC (mg/dL) TG (mg/dL) HDL-C (mg/dL) LDL-C (mg/dL)

7 h

  HG 116.50 ± 7.9 540.50 ± 34.7 28.50 ± 2.6 20.00 ± 3.2

  Compound 4 95.00 ± 10.1a 107.00 ± 7.2c 60.00 ± 6.6c 13.67 ± 3.2a

  Compound 5 57.30 ± 5.3c 35.50 ± 3.2c 42.33 ± 4.2b 8.33 ± 2.6c

  BF 101.16 ± 6.9 181.83 ± 11.2c 51.17 ± 5.6c 13.17 ± 1.9a

24 h     

  HG 96.83 ± 8.4 435.67 ± 25.3 35.33 ± 6.4 18.67 ± 4.2

  Compound 4 88.30 ± 4.1a 141.00 ± 13.7c 45.00 ± 2.0a 15.10 ± 2.6

  Compound 5 88.33 ± 8.9a 140.50 ± 10.5c 43.17 ± 2.9a 12.00 ± 1.4a

  BF 100.00 ± 6.8 189.17 ± 11.2c 46.83 ± 2.2a 15.33 ± 2.7

Note. Values are mean ± SEM from six animals in each group. HG, hyperlipidemic control group; compound 4, N-(9,10-dihydro-9,10-dioxoanthracen-2-yl)
benzofuran-2-carboxamide treated group; compound 5, N-(4-benzoylphenyl)benzofuran-2-carboxamide treated group; BF, bezafibrate treated group; 
TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.
ap < 0.001, bp < 0.001, cp < 0.0001: compounds 4, 5, and BF are compared with HG.
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Figure 2.  Effect of Triton WR-1339 on lipid profile after (a) 7 h and (b) 24 h. 
Values are mean ± SEM from six animals in each group. CG, control group; 
HG, hyperlipidemic control group; TC, total cholesterol; TG, triglycerides; 
HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipopro-
tein cholesterol. HG is compared to CG: *p < 0.05, **p < 0.0001.
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was significantly higher for triglycerides than for choles-
terol. This result suggests that our compounds are able to 
restore, at least partially, the catabolism of B-lipoproteins, 
as hypothesized by many works with other lipid-lowering 
agents21,22.

The reduction of plasma total cholesterol by compounds 
4 and 5 was associated with a decrease of its LDL fraction, 
which is a major risk factor for cardiovascular disease. This 
result suggests that the cholesterol-lowering activity of these 
novel compounds can result from the enhancement of LDL 
catabolism through the hepatic receptor23.

In addition, both compounds 4 and 5 increased HDL lev-
els, which are reported to have a preventive function against 
atherogenesis. HDL facilitates the mobilization of triglyc-
erides and cholesterol from plasma to the liver, where it is 
catabolized and eliminated in the form of bile acids24,25.

The reduction in plasma triglyceride levels induced by 
compounds 4 and 5 at a dose of 15 mg/kg body weight 7 
and 24 h after Triton injection is more significant than the 
reduction induced by bezafibrate at a dose of 100 mg/kg body 
weight, which in this study has been used as the standard 
reference hypolipidemic drug. Furthermore, total cholesterol 
levels were not significantly changed, which agrees with the 
mechanism of action of fibrates in that their total cholesterol-
lowering activity is not strongly marked, but the triglyceride-
decreasing effect of them is very impressive, especially by 
stimulation of the gene expression of lipoprotein lipase26.

Conclusion

Benzofuran-2-carboxamide derivatives, compounds 4 and 
5, improved lipid abnormalities such as hypertriglyceri-
demia and hypercholesterolemia, and then elevated HDL 
levels in Triton-induced hyperlipidemic rats, suggesting that 
these compounds may be useful in the treatment of patients 
with lipid abnormalities. The results found are encouraging 
for further assessment, to elucidate the exact mechanism of 
action of these novel compounds as lipid-lowering agents.
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