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Introduction

Cardiovascular diseases continue to be a leading cause 
of morbidity and mortality among adults worldwide1. 
Elevated levels of cholesterol, low-density lipoprotein 
cholesterol (LDL-C) and triglycerides (TG) contribute 
significantly to the development of atherosclerosis and 
coronary heart diseases2. It is widely acknowledged that 
dietary and drug therapy interventions could reduce 
serum lipids and dramatically decrease the risk of car-
diovascular diseases (CVDs) and stroke3.

Fibrates and their derivatives including a well known 
commercially available drug bezafibrate are widely used 
to decrease hyperlipidemia. Bezafibrate significantly 

reduces serum triglyceride and free fatty acid levels4. 
Fibrates act mainly on increasing the hydrolysis of TG by 
the induction of lipoprotein lipase and the reduction of 
apolipoprotein C-III synthesis5.

Triton WR-1339, a nonionic detergent (oxyethylated 
tertiary octylphenol formaldehyde polymer) has been 
widely used to produce acute hyperlipidemia in animal 
models in order to screen natural or chemical drugs6. 
The accumulation of plasma lipids by this detergent 
takes place by blocking the uptake of lipoprotein from 
the circulation by extrahepatic tissues, resulting in an 
increase in the level of circulatory lipoproteins7.
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Abstract
A novel series of 5-fluoro-N-(9,10-dihydro-9,10-dioxoanthracen-8-yl)-1H-indole-2-carboxamides (3c–3g) were 
synthesized. The present study was undertaken to investigate the possible antihyperlipidemic effect of these novel 
compounds on hyperlipidemic rats. Hyperlipidemia was induced by a single intraperitoneal injection of Triton 
WR-1339 (300 mg/kg). The tested animals were divided into normal control (NCG), hyperlipidemic control (HCG), 
compounds 3c-, 3d-, 3e-, 3f-, 3g- and bezafibrate (BF)-treated groups. At a dose of 15 mg/kg, compounds 3c–3g and 
BF (100 mg/kg) significantly (p < 0.0001) reduced elevated plasma triglycerides levels after 12 and 24 h compared to 
the hyperlipidemic control group. However, only compounds 3e and 3g obviously showed a significant (p < 0.0001) 
reduction in plasma total cholesterol levels after 12 and 24 h. Moreover, high-density lipoprotein cholesterol levels 
were significantly increased in all treated groups. The current study demonstrates that 5-fluoro-N-(9,10-dihydro-9,10-
dioxoanthracen-8-yl)-1H-indole-2-carboxamides (3c–3g) have a definite antihyperlipidemic potential and these 
beneficial activities may contribute to their cardioprotective and antiatherosclerotic role.
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In recent years, there has been burgeoning interest in 
developing new pharmacologically active hypolipidemic 
drugs to overcome the efficacy problems of the current 
medications and the adverse effects.

During the last decade, a lot of attention has been 
given to studies focused on the synthesis of indole con-
taining agents and their pharmacological activities. From 
these studies, which include our previous published 
data, it was found that the compounds containing the 
indole ring or anthraquinone moiety have a promising 
potential as lipid-lowering agents8–15. Previous work by 
our group revealed that N-(benzoylphenyl)-5-fluoro-1H-
indole-2-carboxamide derivatives exhibited significant 
hypolipidemic effect13.

Given the importance in correcting hyperlipidemia to 
decrease the risk of developing cardiovascular diseases, the 
present study focuses on the synthesis and pharmacological 
evaluation of a novel derivatives of 5-fluoro-N-(9,10-dihydro-
9,10-dioxoanthracen-8-yl)-1H-indole-2-carboxamides; 
Compounds 3c–3g will be screened as models for their lipid-
lowering effect (Scheme 1).

Materials and methods

Chemical studies
Infrared (IR) spectra were recorded on an Avatar Thermo 
Nicolet Impact 400 FT–IR spectrophotometer using Smart 
Omni-Transmission software; all samples were prepared 
as potassium bromide (Acros, Geel, Belgium) disks. 1H 
and 13C nuclear magnetic resonance (NMR) spectra were 
measured on a Bruker Ultra Shield 300 MHz instrument 

(Bruker, Bremen, Germany) 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; Milan, Italy). High-resolution mass 
spectra (HRMS) were measured in positive ion mode 
using electrospray ion trap (ESI) technique by collision-
induced dissociation on a Bruker Apex-4 (Tesla) instru-
ment (Bremen, Germany). 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 puri-
fication. Experiments were performed in purified solvents.

Synthesis of 5-fluoro-1H-indole-2-carbonyl  
chloride (2)
A mixture of 5-fluoro-1H-indole-2-carboxylic acid (1.25 
g, 7 mmol) and thionyl chloride (SOCl

2
) (2.5 mL, 34 

mmol) in 40 mL of dry dichloromethane (DCM) was 
stirred under reflux for 6 h. After cooling to room temper-
ature, DCM and the excess SOCl

2
 were evaporated under 

reduced pressure. The solid residue was suspended in 
hexane and the suspension was evaporated to dryness to 
afford 1.55 g (95%) of the solid residue which was used 
without further purification. 1H-NMR: (300 MHz, CDCl

3
) 

δ (ppm): 6.85–7.61 (4H, Ar), 9.81 (1H, NH).

Synthesis of 5-fluoro-N-(9,10-dihydro-9,10-
dioxoanthracen-1-yl)-1H-indole-2-carboxamide (3c)
1-Aminoanthraquinone (0.87 g, 3.9 mmol) was added to 
a suspended solution of (0.098 g, 3.9 mmol) of sodium 
hydride (NaH) in dry N,N-dimethylformamide (DMF) 

Scheme 1. Synthesis route for the preparation of compounds (3c–3g). Reagents and conditions: (a) dichloromethane, reflux 6h; (b) NaH, 
N,N-dimethylformamide, reflux 24h
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and stirred about 30 min at room temperature before the 
addition of 5-fluoro-1H-indole-2-carbonyl chloride (0.91 
g, 3.9 mmol). The reaction mixture was refluxed for 24 h, 
and then cooled to room temperature. DMF was evapo-
rated under reduced pressure and the residue was stirred 
for 10 min in chloroform (CHCl

3
) and flashed through a 

short chromatography column (chloroform:methanol) 
in a ratio of (993:7). The solvent was removed under 
reduced pressure and the product was dried in vacuo. 
Yield: 35%; IR (KBr, cm−1): 3382, 3329, 1655, 1589, 1570; 
1H-NMR: (300 MHz, DMSO-d

6
) δ (ppm): 11.51 and 

11.82 (s, 1H, CONH, rotamers), 9.43 (s, 1H, H-1 indole), 
7.35–7.41 (m, 2H, Ar-H), 7.65–7.71 (m, 2H, Ar-H), 7.88–
7.92 (m, 3H, Ar-H), 8.03–8.10 (m, 2H, Ar-H), 8.21–8.39 
(m, 2H, Ar-H); MS (ESI, +ve): m/z (M + H)+ = 407.0817, 
(C

23
H

13
FN

2
NaO

3 
requires 407.0808); analytically calcu-

lated for C
23

H
13

FN
2
O

3
: C, 71.87; H, 3.41; N, 7.29. Found: C, 

71.42; H, 3.79; N, 6.92%.

Synthesis of N-(1-chloro-9,10-dihydro-9,10-
dioxoanthracen-5-yl)-5-fluoro-1H-indole-2-
carboxamide (3d)
1-Amino-5-chloroanthraquinone (0.93 g, 3.9 mmol) was 
added to a suspended solution of (0.098 g, 3.9 mmol) of 
NaH in dry N,N-dimethylformamide (DMF) and stirred 
about 30 min at room temperature before the addition 
of 5-fluoro-1H-indole-2-carbonyl chloride (0.91 g, 3.9 
mmol). Workup of the reaction mixture as described for 
3c above produced the compound 3d. Yield: 39%; IR (KBr, 
cm−1): 3379, 3320, 1664, 1584, 1571; 1H-NMR: (300 MHz, 
DMSO-d

6
) δ (ppm): 11.73 (s, 1H, CONH), 9.44 (s, 1H, H-1 

indole), 7.51–7.61 (m, 5H, Ar-H), 7.49 (m, 1H, 7′-H), 7.31 
(d, J = 8.0 Hz, 8′-H), 7.08-7.25 (m, 3H, Ar-H); MS (ESI, 
+ve): m/z (M + H)+ = 441.0419, (C

23
H

12
ClFN

2
NaO

3 
requires 

441.0418); analytically calculated for C
23

H
12

ClFN
2
O

3
: C, 

65.96; H, 2.89; N, 6.69. Found: C, 65.49; H, 3.18; N, 6.20%.

Synthesis of 5-fluoro-N-(9,10-dihydro-1-hydroxy-9,10-
dioxoanthracen-4-yl)-1H-indole-2-carboxamide (3e)
1-Amino-4-hydroxyanthraquinone (0.93 g, 3.9 mmol) 
was added to a suspended solution of (0.18 g, 3.9 mmol) 
of NaH in dry N,N-dimethylformamide (DMF) and stirred 
about 30 min at room temperature before the addition of 
5-fluoro-1H-indole-2-carbonyl chloride (0.91 g, 3.9 mmol). 
Workup of the reaction mixture as described for 3c above 
produced the compound 3e except that the acidification 
of the resulting solution by diluted HCl solution was 
conducted before the evaporation of the DMF. Yield: 23%; 
IR (KBr, cm−1): 3382, 3328, 3199, 1656, 1579, 1570; 1H-NMR: 
(300 MHz, DMSO-d

6
) δ (ppm): 13.69 (s, 1H, OH), 11.50 and 

11.83 (s, 1H, CONH, rotamers), 9.43 (s, 1H, H-1 indole), 
8.28–7.87 (m, 5H, Ar-H), 7.39–7.35 (m, 2H, Ar-H), 7.29–7.24 
(m, 1H, Ar-H), 6.91–7.10 (m, 2H, Ar-H); MS (ESI, +ve): m/z 
(M + H)+ = 423.0761, (C

23
H

13
FN

2
NaO

4 
requires 423.0757); 

analytically calculated for C
23

H
13

FN
2
O

4
: C, 69.00; H, 3.27; N, 

7.00. Found: C, 68.51; H, 3.77; N, 6.53%.

Synthesis of N-(1-bromo-9,10-dihydro-3-methyl-
9,10-dioxoanthracen-4-yl)-5-fluoro-1H-indole-2-
carboxamide (3f)
1-Amino-4-bromo-2-methylanthraquinone (1.23 g, 3.9 
mmol) was added to a suspended solution of (0.098 g, 3.9 
mmol) of NaH in dry N,N-dimethylformamide (DMF) 
and stirred about 30 min at room temperature before the 
addition of 5-fluoro-1H-indole-2-carbonyl chloride (0.90 
g, 3.9 mmol). Workup of the reaction mixture as described 
for 3c above produced the compound 3f. Yield: 33%; IR 
(KBr, cm−1): 3375, 3311, 1663, 1589, 1574; 1H-NMR: (300 
MHz, DMSO-d

6
) δ (ppm): 11.51 and 11.83 (s, 1H, CONH, 

rotamers), 9.42 (s, 1H, H-1 indole), 8.27–7.86 (m, 4H, 
Ar-H), 7.39–7.36 (m, 2H, Ar-H), 7.30–7.24 (m, 1H, Ar-H), 
6.91–7.11 (m, 2H, Ar-H), 2.45 (s, 3H, CH

3
); MS (ESI, +ve): 

m/z (M + H)+ = 499.0069, (C
24

H
14

BrFN
2
NaO

3 
requires 

499.0069); analytically calculated for C
24

H
14

BrFN
2
O

3
: C, 

60.40; H, 2.96; N, 5.87. Found: C, 60.01; H, 3.37; N, 5.51%.

Synthesis of 5-fluoro-N-(9,10-dihydro-9,10-
dioxoanthracen-3-yl)-1H-indole-2-carboxamide (3g)
2-Aminoanthraquinone (0.87 g, 3.9 mmol) was added to 
a suspended solution of (0.099 g, 3.9 mmol) of NaH in dry 
N,N-dimethylformamide (DMF) and stirred about 30 min 
at room temperature before the addition of 5-fluoro-1H-in-
dole-2-carbonyl chloride (0.90g, 3.9 mmol). Workup of the 
reaction mixture as described for 3c above produced the 
compound 3g. Yield: 56%; IR (KBr, cm−1): 3383, 3325, 1651, 
1589, 1573; 1H-NMR: (300 MHz, DMSO-d

6
) δ (ppm): 12.01 

(br s, 1H, CONH), 10.95 (br s,1H, H-1 indole), 8.68 (m, 1H, 
Ar-H), 8.37–8.41 (m, 1H, Ar-H), 8.10–8.23 (m, 3H, Ar-H), 
7.80–7.92 (m, 3H, Ar-H), 7.45–7.59 (m, 2H, Ar-H), 7.08–7.30 
(m, 1H, Ar-H) ppm; MS (ESI, +ve): m/z [M + Na]+ 407.0817 
(C

22
H

13
FN

2
NaO

3
, requires 407.0808); analytically calculated 

for C
23

H
13

FN
2
O

3
: C, 71.87; H, 3.41; N, 7.29. Found: C, 71.41; 

H, 3.69; N, 7.02%.

Animals and treatments
Forty eight adult male Wistar rats, weighing 180–250 g, 
bred in the animal care centre of Faculty of Pharmacy, 
Al-Zaytoonah University, Amman, Jordan, were provided 
ad libitum access only to tap water throughout the exper-
imental duration. Rats were maintained in a 12 h light–
dark cycle under constant humidity (55 ± 15%) and (22 
± 2°C). All experiments 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 (dimethyl sulfoxide 
(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 
eight groups of six animals each. The first group, serv-
ing as normal control group (NCG) received an intra-
peritoneal administration of normal saline; the second 
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hyperlipidemic group (HCG) received an intraperitoneal 
injection of Triton 2% DMSO. In the third, fourth, fifth, 
sixth and seventh groups, rats were intraperitoneally 
injected with Triton, followed by an intragastric admin-
istration of (1 mL) of compounds 3c, 3d, 3e, 3f and 3g 
(15 mg/kg body weight) dissolved in 2% DMSO. The 
last group (BF) was also intraperitoneally injected with 
Triton and intragastrically treated with bezafibrate (100 
mg/kg body weight) dissolved in 2% DMSO16,17. After 
12 and 24 h of treatments, animals were anaesthetized 
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 (Model 
Erba XL-300, Mannheim, Germany).

LD
50

 determination of compounds 3c, 3d, 3e, 3f and 3g
Healthy rats of six animals per group and weighing 
180–250 g were used for acute toxicity study and deter-
mination of LD

50
. Rats had free access of water and 

food, except for a short fasting period before treatment 
with the single oral dose of compounds 3c, 3d, 3e, 3f 
and 3g or the solvent. Compounds were formulated 
with DMSO.

An approximate LD
50

 was initially determined in a pilot 
study by a so called “staircase method” using a small num-
ber of animals (two each dose) and increasing doses of 
tested compounds. Six doses were used (200, 400, 600, 800, 
1000, and 1200 mg/kg) and given to six groups of rats (six in 
each group). One additional group of rats was given equal 
amounts of DMSO orally and served as control group.

After administration of the tested compounds, the rats 
were observed for toxic effects during 72 h. The toxicolog-
ical effects were observed in terms of mortality expressed 
as LD

50 
therefore the number of deceased animals within 

24 h was noted. The LD
50 

of the test compound was deter-
mined by Litchfield and Wilcoxon method18.

Dose-response study of compounds 3c,  
3d, 3e, 3f and 3g
The dose of the tested compounds were determined by a 
preliminary study using five different groups of rats of 10 
rats each as shown in (Figure 2).

Statistical analysis
Statistical analysis was performed using analysis of 
variance ANOVA and a least significant difference (LSD) 
post hoc test was used to compare individual means. The 
results were expressed as the mean ± SD of six values in 
each group, and a statistical probability of p < 0.05, p < 
0.0001 was considered to be significant.

Results

Synthesis
5-Fluoro-1H-indole-2-carbonyl chloride (2) was prepared 
in good yield by reaction of 5-fluoro-1H-indole-2-carboxylic 

acid (1) with an excess thionyl chloride in dried dichloro-
methane solvent under reflux (Scheme 1).

In the search for new indole derivatives that may 
display antihyperlipidemic activities, a new series of 
5-fluoro-N-(9,10-dihydro-9,10-dioxoanthracen-8-yl)-
1H-indole-2-carboxamides (3c–3g) (Scheme 1) was pre-
pared and tested for their biological activities.

The target compounds were synthesized by the 
coupling reaction of 5-fluoro-1H-indole-2-carbonyl 
chloride and an excess of the corresponding aminoan-
thraquinone (c–g) in the presence of sodium hydride 
as a strong base in dried DMF under reflux. Hydride 
anion was employed as a catalyst to increase the rate 
of the nucleophilic substitution reaction (consequently 
the yield), since the aromatic aminoanthraquinones are 
weak nucleophiles. It is worth mentioning that the direct 
solid reaction of 2 with the corresponding amine (with-
out solvent) could be also applied.

The reaction progress was monitored by thin layer 
chromatography (TLC) which was based on the disap-
pearance of the carbonyl chloride (2) spot. Due to the 
vigorous experimental conditions, the purification of 
the final products by the column chromatography is an 
essential step. The IR, MS, NMR spectral data for the new 
compounds is in accordance with the assigned struc-
tures; details were given in the experimental part.

Pharmacological activity
Induction of hyperlipidemia by Triton WR-1339
The plasma total cholesterol (TC), triglyceride (TG), 
high-density lipoprotein cholesterol (HDL-C) and 
low-density lipoprotein cholesterol (LDL-C) lev-
els of all groups treated for 12 and 24 h are shown in  
(Figure 1a and 1b), respectively. The acute injection of 
Triton WR-1339 caused a significant increase in plasma 
cholesterol, low-density lipoprotein cholesterol and triglyc-
eride (p < 0.0001) levels in hyperlipidemic control group 
(HCG) either 12 or 24 h after Triton injection in comparison 
with the normal control group (NCG). In fact, the increases 
of plasma TC levels in the (HCG) were 81 and 294% after 
12 and 24 h, respectively, as compared to the (NCG). At the 
same time, LDL-C levels in the (HCG) were also elevated 
by 121 and 103% after 12 and 24 h, respectively (Figure 1).

The triglyceride levels in the (HCG) were markedly 
increased by more than 15 and 12 times after 12 and 24 
h, respectively, as compared to the (NCG).

Triton WR-1339 caused a significant decrease in HDL 
cholesterol levels (p < 0.0001) in the hyperlipidemic 
control (HCG), at both 12 and 24 h after Triton 
administration in comparison with the NCG. In fact, the 
decreases of plasma HDL-C levels in the HCG were 73 
and 68% after 12 and 24 h, respectively, as compared to 
the NCG (Figure 1).

Effect of compounds 3c, 3d, 3e, 3f, 3g and  
bezafibrate on rat plasma lipid profile
The plasma total cholesterol (TC), triglyceride (TG), high-
density lipoprotein (HDL-C) and low-density lipoprotein 
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(LDL-C) levels of compounds 3c-, 3d-, 3e-, 3f-, 3g- and 
bezafibrate (BF)-treated rats at 12 and 24 h are shown in 
Table 1, respectively. Importantly, the elevated plasma 
TG levels produced by the acute injection of Triton 
WR-1339 were significantly (p < 0.0001) suppressed in 
compounds 3c by (73, 22%), in 3d by (74, 24%), in 3e by 
(86, 33%), in 3f by (75, 23%), in 3g by (80, 33%) and in BF 
by (88, 52%) after 12 and 24 h, respectively, with respect 
to hyperlipidemic control HCG.

Figure 1. Effect of Triton-WR-1339 on lipid profile after (a) 12 h and 
(b) 24 h. Values are means ± SD from six animals in each group. 
NCG, control group; HCG, hyperlipidemic control group; TC, total 
cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein 
cholesterol; LDL-C, low-density lipoprotein cholesterol. HCG is 
compared to NCG. *p < 0.0001.

Figure 2. Dose-response study of the tested compounds. 3c, 
5-fluoro-N-(9,10-dihydro-9,10-dioxoanthracen-1-yl)-1H-indole-
2-carboxamide treated group; 3d, N-(1-chloro-9,10-dihydro-
9,10-dioxoanthracen-5-yl)-5-fluoro-1H-indole-2-carboxamide 
treated group; 3e, 5-fluoro-N-(9,10-dihydro-1-hydroxy-
9,10-dioxoanthracen-4-yl)-1H-indole-2-carboxamide; 3f, 
N-(1-bromo-9,10-dihydro-3-methyl-9,10-dioxoanthracen-4-yl)-5-
fluoro-1H-indole-2-carboxamide; 3g, 5-fluoro-N-(9,10-dihydro-
9,10-dioxoanthracen-3-yl)-1H-indole-2-carboxamide.

Table 1. Effect of compounds 3c, 3d, 3e, 3f, 3g and bezafibrate on plasma lipid levels in Triton WR-1339-induced hyperlipidemic rats after 
12 h and 24 h. 
Lipid profile TC (mg/dL) TG (mg/dL) HDL-C (mg/dL) LDL-C (mg/dl)
12 h
 HCG 174.00 ± 4.0 1899.00 ± 7.0 12.60 ± 1.0 74.00 ± 2.1
 3c 116.00 ± 3.0** 515.00 ± 4.0** 17.60 ± 0.5** 44.90 ± 4.0**

 3d 109.00 ± 5.0** 491.00 ± 22.0** 18.70 ± 1.0** 43.80 ± 1.0**

 3e 94.00 ± 5.0**  260.00 ± 10.0** 31.20 ± 1.6**  36.90 ± 0.8**

 3f 105.00 ± 5.0** 472.00 ± 7.0** 17.10 ± 0.3** 46.20 ± 1.0**

 3g 140.00 ± 2.2**  372.00 ± 9.0** 27.00 ± 0.8** 30.80 ± 0.8**

 BF 179.00 ± 3.0 225.00 ± 8.0** 40.20 ± 1.5** 73.70 ± 3.7
24 h
 HCG 378.00 ± 10.0 1644.00 ± 25.0 15.40 ± 0.9 68.00 ± 1.6
 3c 374.00 ± 6.0 1291.00 ± 8.0** 16.50 ± 0.6** 65.50 ± 1.0
 3d 367.00 ± 2.0 1252.00 ± 10.0** 18.40 ± 0.9* 66.70 ± 1.7
 3e 363.00 ± 5.0** 1094.00 ± 9.0** 21.30 ± 1.0** 64.20 ± 1.5**

 3f 369.00 ± 5.0 1258.00 ± 13.0** 17.10 ± 0.7** 64.90 ± 3.7
 3g 344.00 ± 5.0** 1100.00 ± 11.0** 19.60 ± 0.6* 55.10 ± 0.9**

 BF 100.00 ± 6.8 787.00 ± 8.0** 24.20 ± 1.9* 70.00 ± 0.2
Values are means ± SD from six animals in each group. Compounds 3c, 3d, 3e, 3f, 3g and BF are compared with HCG.
HCG, hyperlipidemic control group; 3c, 5-fluoro-N-(9,10-dihydro-9,10-dioxoanthracen-1-yl)-1H-indole-2-carboxamide treated group; 3d, 

N-(1-chloro-9,10-dihydro-9,10-dioxoanthracen-5-yl)-5-fluoro-1H-indole-2-carboxamide treated group; 3e, 5-fluoro-N-(9,10-dihydro-
1-hydroxy-9,10-dioxoanthracen-4-yl)-1H-indole-2-carboxamide; 3f, N-(1-bromo-9,10-dihydro-3-methyl-9,10-dioxoanthracen-4-yl)-5-
fluoro-1H-indole-2-carboxamide; 3g, 5-fluoro-N-(9,10-dihydro-9,10-dioxoanthracen-3-yl)-1H-indole-2-carboxamide; BF, bezafibrate 
treated group; TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein 
cholesterol.

*p < 0.05; **p < 0.0001.
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With the exception of bezafibrate, compounds 3c, 3d, 
3e, 3f and 3g showed a significant (p < 0.0001) 33, 37, 46, 
40 and 20% reduction in plasma cholesterol level, respec-
tively, after 12 h of Triton administration compared to the 
HCG.

However, after 24 h of Triton administration only com-
pounds 3f and 3g managed to maintain this reduction of 
plasma cholesterol level.

The HDL-cholesterol levels were significantly 
increased after 12 h of Triton administration (+40, +48, 
+148, +36, +114 and +219%, p < 0.0001) in 3c, 3d, 3e, 
3f, 3g and BF, respectively, compared to HCG (Table 
1). The increase in HDL-cholesterol levels after 24 h in 
compounds 3c, 3g and BF were maintained (p < 0.0001). 
The increase in HDL-C levels were not considered highly 
significant (+7, +38 and +11%, p < 0.05) in 3c, 3e and 3f, 
respectively, compared to HCG (Table 1).

Compounds 3c, 3d, 3e, 3f and 3g show similar trend 
on meditating plasma LDL-C level after 12 h of Triton 
administration compared to HCG. In fact, compounds 
3c, 3d, 3e, 3f and 3g significantly (p < 0.0001) reduced 
LDL-C level by (39, 41, 50, 38 and 26%), respectively, 
compared to HCG.

However, only compounds 3e and 3g maintained this 
reduction in LDL-C level after 24 h of Triton injection 
compared to HCG.

Neither after 12 h nor after 24 h did bezafibrate group 
significantly decreased LDL-C level compared to HCG.

The median lethal dose (LD
50

) in rats of the active 
test compounds was evaluated by a single intra-gastric 
administration. The LD

50
 (mean ± SD) of the active com-

pounds 3c, 3d, 3e, 3f and 3g was determined to be 800 
± 42, 822 ± 41, 799 ± 26, 811 ± 33 and 786 ± 23 mg/kg, 
respectively.

There were no mortality or symptoms similar to those 
obtained after the tested compounds treatment observed 
in the DMSO treated control animals.

Discussion

Triton WR-1339 has been widely used as a model to pro-
duce acute hyperlipidemia in animals by inhibiting the 
enzyme lipoprotein lipase19,20. In this model, the peak 
plasma triglyceride level was reached at 12 h and the 
plasma total cholesterol level was reached after 24 h7,21–24. 
In the course of this study, the same model gave a simi-
lar pattern of lipid profile changes either 12 or 24 h after 
Triton WR-1339 administration (Figure 1a and 1b).

The results of the current study demonstrated the 
potential hypolipidemic effect of 5-fluoro-N-(9,10-
d i h y d r o - 9 , 1 0 - d i o x o a n t h r a c e n - 8 - y l ) - 1 H - i n -
dole-2-carboxamide derivatives. Compounds 3c, 3d, 3e, 
3f and 3g significantly reduced serum TG and increased 
serum HDL-C after 12 and 24 h of Triton administration.

Yamamoto and his colleagues reported that the large 
decrease in plasma HDL-C levels due to Triton WR-1339 
injection results mostly from a progressive displacement 

of the apo A-1 protein from the HDL surface without 
loss of lipid. Meanwhile the large increase in plasma 
TG levels due to Triton administration results mostly 
from an increase of very low-density lipoprotein (VLDL) 
secretion by the liver accompanied by strong reduction 
of VLDL and LDL catabolism25,26.

Accordingly, given that the proportion of triglycer-
ide in VLDL is many times higher than cholesterol, it is 
not surprising that the hypolipidemic activity of com-
pounds 3c–3g was significantly higher for triglycerides 
than for cholesterol. This result suggests that our com-
pounds are able to restore, at least partially, catabolism 
of B-lipoproteins as hypothesized by many works with 
other lipid-lowering agents27,28.

Promisingly, compounds 3c–3g at a dose of 15 mg/
kg body weight 12 and 24 h after Triton injection had the 
same potential in reducing TG levels and in increasing 
HDL-C levels compared to bezafibrate at a dose of 100 
mg/kg body weight, which in this study has been used as 
standard reference hypolipidemic drug.

Furthermore, total cholesterol levels were not sig-
nificantly changed which agrees with the mechanism of 
action of fibrates in that their total cholesterol-lowering 
activity is not strongly marked, but the triglycerides 
decreasing effect of them is very impressive especially by 
stimulation of the gene expression of lipoprotein lipase29.

The LD
50

 study showed that 5-fluoro-N-(9,10-dihydro-
9,10-dioxoanthracen-8-yl)-1H-indole-2-carboxamide 
derivatives exhibit no toxicity and are well tolerated by 
experimental animals.

The pharmacological effect of compounds 3c–3g con-
firmed the essentiality of the presence of the three struc-
tural components (aromatic heterocyclic ring capable of 
hydrogen bond formation, carboxamide linkage and a 
lipophilic area) for the lipid lowering activity12–15.

Our compounds have shown these structural features 
through the presence of the 5-fluoroindole (H-bond 
donar) linked by a carboxamide linkage to the anthraqui-
none moiety (lipophilic component).

Compound 3g was found to have better pharma-
cological activity than compound 3c. This finding can 
be explained by the fact that compound 3g has a more 
extended structure due to the presence of longer carbox-
amide linkage than compound 3c, which in turn enhance 
its fitting with the target.

The results indicated that compound 3e was found to be 
more potent than compound 3d and 3f. When compared 
with compounds 3d and 3f, compound 3e had polar and 
acidic functional group on the anthraquinone moiety with 
no lipophilic substituents as found in compound 3d and 3f. 
This may lead to a conclusion that the presence of hydro-
philic and/or acidic substituents explains the improved 
pharmacological activity of compound 3e.

However, future work is needed to investigate which 
structural component (hydrophilic or the acidic func-
tional group) specifically has attributed more to improve 
the pharmacological activity.
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Conclusion

5-Fluoro-N-(9,10-dihydro-9,10-dioxoanthracen-8-yl)-1H-
indole-2-carboxamide derivatives; compounds 3c–3g were 
shown to improve lipid abnormalities such as hypertriglyc-
eridemia and hypercholesterolemia, and then elevated 
HDL levels in Triton induced rats, suggesting them as pos-
sible useful candidates in the treatment of patients with 
lipid abnormalities. These findings are compatible with our 
previous published data, which confirm that compounds 
possess indole-2-carboxamide nucleus have lipid lowering 
effect8–15,30. The results are highly promising but more studies 
are necessary to figure out the exact mechanism of action of 
these novel compounds as antihyperlipidemic agents.
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