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INTRODUCTION 

The clinical manifestation (signs and symptoms) and 
progression of atherosclerosis and coronary heart disease are 
closely and significantly influenced by hyperlipidemia [1]. In 
2019, about 18 million people died from cardiovascular disease 
(CVD) globally [2]. The major concern related to hyperlipidemia 

besides that it is not discovered until it reached threatening 
levels that it is an asymptomatic disorder of lipid metabolism 
with elevation in low-density lipoprotein cholesterol (LDL-C), 
serum total blood cholesterol [total cholesterol (TC)] and very 
LDL-C levels.

Hypercholesterolemia and hypertriglyceridemia 
(hyperlipidemic-associated lipid disorders) are considered 
to cause atherosclerotic CVD via implying abnormally 
increased levels of all lipids in the bloodstream [3]. 
Atherosclerosis is defined as the building up of waxy plaque 
on the inner sides of the blood vessels [4,5]. Atherosclerosis-
associated diseases such as peripheral vascular, coronary, 
and cerebrovascular diseases are augmented in patients with 
hyperlipidemia [6].
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ABSTRACT
One of the main risk factors that contribute to hyperlipidaemia is atherosclerosis and coronary heart disease. 
Therefore, researchers turn to synthesizing new compounds with potential lipid-lowering effects to overcome this 
issue. In the current study, Triton WR-1339 was used to induce hyperlipidaemia in the rat’s model. Moreover, we 
were able to synthesize, characterize, and validate a novel series of N-(4-benzoylphenyl) pyrrole-2-carboxamide 
derivatives; (compounds 3 and 5) and assess their potency as anti-hyperlipidemic agents. 300 mg/kg of triton 
WR-1339 was administered overnight intraperitoneally to fasted rats to urge hyperlipidemia and divided into five 
groups, control, hyperlipidemic, compounds 3-, 5-, and bezafibrate-treated rats. The pharmacological evaluation of 
compounds 3 and 5 at a dose of 15 mg/kg body weight showed that the elevated levels of plasma triglyceride, low-
density lipoprotein cholesterol, and total cholesterol were significantly reduced after 18 hours of compounds 3 (p < 
0.001) and compound 5 (p < 0.01) administration in comparison to the hyperlipidemic and control group at a given 
15 mg/kg body weight dose. Moreover, it was noted that compounds 3 and 5 increased the high-density lipoproteins 
cholesterol levels significantly by 22% and 4.5% consecutively. Therefore, it can be concluded from these findings 
that N-(4-benzoylphenyl) pyrrole-2-carboxamide derivatives (3 and 5) have a definite antihyperlipidemic potential 
which could serve as protective agents against cardiovascular diseases and atherosclerosis.
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and 100.61 MHz (C-13) using tetramethylsilane as an internal 
reference.

Synthesis of the targeted compounds

N-(4-Benzoylphenyl)-4-bromo-1H-pyrrole-2 carboxamide (3)
Ethyl-4-bromopyrrole-2-carboxylate (1, 0.5 g, 2.29 

mmol) was dissolved in 20 ml dimethylformamide (DMF), 
followed by adding of 4-aminobenzophenone (2, 1.35 g, 6.88 
mmol). The mixture was mixed and refluxed for 5 days at 150°C. 
Removal of DMF was done via column chromatography using 
CHCl3:CH3OH (99:1) as eluent for purification under reduced 
pressure during the evaporation. Then the product was washed 
by diethyl ether to give the pure compound (3; Fig. 1). Brown 
pale powder (0.151 g, 18%): Rf = 0.86 (chloroform, methanol, 
99:1); mp = 85°C–87°C; 1H-NMR (300 Hz, d6-MeOD): δ = 
8.90 (d, J = 12 Hz, 1H, Ar-H), 8.72 (d, J = 8 Hz, 1H, Ar-H), 8.43 
(s, 1H, pyrrole-H), 7.86 (s, 1H, pyrrole-H), 7.83 (m, 1H, Ar-H), 
7.78 (d, J = 8.0 Hz, 2H, Ar-H), 7.71 (d, J = 8.0 Hz 1H, Ar-H) 
7.60 (t, J = 8.0 Hz, 1H, Ar-H), 7.48 (d, J = 8.0 Hz, 1H, Ar-H), 
7.21 (d, J = 8.0 Hz, 1H, Ar-H) ppm; 13C-NMR (d6-CDCl3): δ 
= 196.26 (1C), 162.42 (1C), 159.77 (1C), 141.36 (1C), 138.6 
(1C), 133.86 (1C), 132.96 (1C), 132.85 (1C), 132.70 (1C), 
132.06 (1C), 130.31 (2C), 130.26 (1C), 128.83 (2C), 128.77 
(1C), 119.55 (1C), 117.57 (1C) ppm; IR (KBr disc): ν = 
3,116.97 (NH-amide), 1,735.93 (CO-ketone), 1,643.35 (CO-
amide) cm−1.

4-Amino-N-(4-benzoylphenyl)-1-methyl-1H-pyrrole-2-
carboxamide (5)

Methyl-4-amino-1-methyl-1H-pyrrole-2-carboxylate 
hydrochloride (4a, 1.0 g, 5.25 mmol) was dissolved in 10 ml 
DMF, in an ice bath of 1.1 ml of triethylamine (TEA) was added 
to the mixture to give methyl-4-amino-1-methyl-1H-pyrrole-2-
carboxylate (4b). 4-Aminobenzophenone (2, 3.1 g, 0.0157 mol) 
was added after 10 minutes while stirring the reaction mixture 
and refluxed for 5 days at 150°C. Removal of DMF was done 
via column chromatography using CHCl3:CH3OH: ethyl acetate 
(98:1:1) as eluent for purification (remaining’s) under reduced 
pressure during the evaporation. Followed up by washing the 
product by diethyl ether to give the pure compound (5; Fig. 2). 
Pale brown powder (0.389 g, 25.2%); Rf = 0.45 (chloroform, 
methanol, 99:1); mp = 80°C–83°C; 1H-NMR (300 Hz, d6-
CDCl3): δ = 8.88 (d, J = 12.0 Hz, 1H, Ar-H), 8.67 (s, 1H, Ar-H), 
8.42 (s, 1H, NH-amide), 8.18 (s, 1H, H-pyrrole), 7.82 (m, 2H, 
Ar-H), 7.77 (d, J = 8.0 Hz, 2H, Ar-H), 7.58 (s, 1H, Ar-H), 7.48 
(d, J = 8.0 Hz, 2H, Ar-H), 7.20 (d, J = 8.0 Hz, 1H, Ar-H), 3.48 

Triton WR-1339 (a nonionic surfactant) so far, is 
commonly utilized to produce “acute” hyperlipidiemic models 
in animals (in-vivo) to study synthetic and natural compounds 
[7]. Triton WR-1339 can cause 48-hour elevations in the levels 
of plasma lipids by blocking the absorption of lipoprotein from 
the circulatory system by extrahepatic tissues, leading to a boost 
in the peaks of circulatory lipoproteins [8,9].

Despite that, there are a lot of different classes that 
act as antihyperlipidemic agents already exist. The most used 
class as an antihyperlipidemic globally are fibrates and their 
derivatives including bezafibrate. They act via the reduction 
of serum lipids, including a significant lowering in triglyceride 
(TG) levels with a slight decrease in TC, LDL-C, and elevation 
in the levels of high-density lipoprotein cholesterol (HDL-C) 
[10,11]. Fibrates act by lowering the production of apoC-III 
and enhancing the action of lipoprotein lipase. While increased 
risk of atherosclerosis can be traced by triggering these markers 
[12,13].

Recently developing novel pharmacologically active 
lipid-lowering drugs have gained much interest in order to 
overcome the side effects and current medications and enhance 
the outcomes. Many studies on synthetic agents with pyrrole 
nucleus revealed encouraging pharmacological effects as 
anti-inflammatory [14,15], antitumor [16], antiviral [17], and 
antioxidative [18]. In addition, regarding compounds containing 
pyrrole (ring) many researchers, which include our previous 
work, pointed out that these compounds compared to the others 
showed a very promising antihyperlipidemic effect [19–21].

Therefore, finding new possible agents that allow 
us to treat hyperlipidemia is highly important to lessen the 
threats of developing heart and blood vessel disease, the current 
research using a novel series of N-(4-benzoylphenyl) pyrrole-
2-carboxamides aims to assess their ability to lower the lipid 
profiles (lipid-lowering-effect) in hyperlipidemic rats model 
using Triton WR-1339.

EXPERIMENTAL

Materials and methods
All chemical agents were used without any further 

purifications and bought from (Sigma-Aldrich; St. Louis, 
MO, and Acros; Belgium). Melting point determination was 
done utilizing Stuart Scientific Electrothermal (melting point 
apparatus). Shimadzu IR Affinity-1 spectrophotometer was 
used to record infrared (IR) spectras. All samples were prepared 
as potassium bromide (Acros, Belgium) discs. Bruker DRX 
400 MHz-NMR spectrophotometer operating at 400.13 (1H) 

Figure 1. Synthesis of N-(4-Benzoylphenyl)-4-bromo-1H-pyrrole-2 carboxamide (3). (i) DMF, 150°C, 5 days.
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Blood samples were collected after 18 hours of 
treatment followed by immediate centrifugation at (3,000 rpm 
for 10 minutes). Enzymatic methods along with an automated 
analyzer (Model Erba XL-300, Germany, Mannheim) were 
used for the lipid analysis of the obtained serums.

Statistical analysis
The obtained data showed mean values ± standard 

error of the mean. The results were evaluated using Student’s 
t-test, and a statistical probability of p < 0.05 was considered to 
be significant.

RESULTS

Chemistry 
Novel N-(benzoylphenyl)-pyrrole-2-carboxamide 

derivatives (3 and 5) were synthesized using substituted 
pyrrole ester and amino benzophenones as shown in Figures 1 
and 2. Ethyl-substituted pyrrole-2-carboxylate (1 and 4b) was 
dissolved in DMF, followed by adding of 4-aminobenzophenone 
(2, 3M excess). The mixture was mixed and refluxed for 5 days 
at 150°C. A nucleophilic attack takes place by the free electrons 
of the N atom of the amine against the carbon of the carbonyl 
moiety of the ester derivative. Rearrangement of intermediate 
compound results in clicking out of an alcohol compound and 
amide bond formation as shown in Figure 3.

Amide formation was attempted under different 
conditions including free pyrrole acid with amino benzophenone, 
dicyclohexylcarbodiimide, and other amide coupling agents. 
Unfortunately, most of these conditions gave either lower yields 
or many side products that needed tedious chromatographic 
separation. Harsh conditions and heating at higher temperatures 
were major limitations since they led to hydrolysis of the 
starting materials and the formed products 3 and 5.

Before establishing the reaction condition for 
compounds 5, a neutralization procedure is needed as shown 
in Figure 2. The presence of HCl weakens the progress 
of the reaction. And it might affect the nucleophilicity of 
aminobenzophenone. TMA as the weaker base was used for 

(s, 2.0, 2H, NH2), 1.90 (s, 3H, CH3) ppm; 13C-NMR (d6-DMSO): 
δ = 196.08 (1C), 162.20 (1C), 159.62 (1C), 141.25 (1C), 137.99 
(1C), 133.77 (1C), 133.18 (1C), 132.82 (1C), 132.70 (1C), 
131.93 (2C), 130.18 (2C), 128.64 (2C), 119.44 (2C), 117.47 
(1C), 15.56 (1C) ppm; IR (KBr disc): ν = 3,101.54 (NH-amide), 
1,697.36 (CO-ketone), 1,651.07 (CO-amide) cm−1.

Animals experiment 
The experiment was conducted on 2 months old 

male Wister rats, weighing 180–200 g, the study was done 
in agreement with the general guide for the care and use of 
laboratory animals in the Animal Care Center of the Faculty 
of Pharmacy, Al-Zaytoonah University of Jordan, Amman 
following Federation of European Laboratory Animal Science 
Associations guidelines [22]. Rats were provided during the 
experimental duration (24 hours) with ad libitum access only 
to tap water. Rats were kept under a controlled 12-hour light/
dark cycle under controlled humidity and (22°C ± 2°C). All 
testing was approved by the local Ethical Committee of Animal 

Triton model of hyperlipidemia
Induction of acute hyperlipidemic animals was done 

via injecting Triton WR-1339 (Sigma-Aldrich, St. Louis, MO) 
300 mg/kg body weight intraperitoneally (IP) to the rats [23].

Pharmacological experimental design
Forty overnight fasted rats were divided randomly 

into five groups each containing eight rats.
The first group got an IP administration of (normal) 

saline only and served as the control group (NCG); the second 
group received an IP injection of (Triton WR-1339) dissolved 
in distilled water representing the hyperlipidemic control group 
(HCG). Third and fourth group rats were IP injected with 
Triton, followed by an intragastric administration of (15 mg/
kg body weight) of compounds 3 and 5, respectively. The last 
group received intragastric injection of bezafibrate (100 mg/kg 
body weight) [24].

Figure 2. Synthesis of 4-Amino-N-(4-benzoylphenyl)-1-methyl-1H-pyrrole-2-carboxamide (5). (i) 1) DMF, 0°C, TEA and (ii) DMF, 150°C, 5 days.

Figure 3. General mechanism of amide formation. 

Welfare with ref no. 21/111/2021-2022; date:10/08/2022
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Moreover, in compound 3 TC levels were significantly 
(p < 0.001) decreased by 75% and in compound 5 by 26% 
(p < 0.01) after 18 hours compared to HCG. Meanwhile, no 
significant changes were observed in TC levels after 18 hours 
in comparison to HCG in BF treated group (Fig. 5). After 18 
hours of treatment, LDL-cholesterol levels dropped by (77%, 
p < 0.001) in compound 3 and (22%, p < 0.05) in compound 
5. No noticeable changes in LDL-C levels were detected in 
bezafibrate (Fig. 6).

The HDL-C levels were noticeably improved after 18 
hours by 22%, and 51% (p < 0.001) in compound 3 and BF 
respectively, and by 4.5% in compound 5 (p < 0.05) after 18 
hours, compared to Triton treated HCG (Fig. 7).

DISCUSSION
The current study outcomes showed promising 

antihyperlipidemic impacts of novel N-(4-Benzoylphenyl)-
4-bromo-1H-pyrrole-2 carboxamide (3) and 4-Amino-N-(4-
benzoylphenyl)-1-methyl-1H-pyrrole-2-carboxamide (5). In 
hyperlipidemic rats using Triton WR-1339 an inducer that is 
widely used as a model for testing agents with antihyperlipidemic 
properties. 

In fact, compounds 3 and 5 significantly decreased 
TG, TC, and LDL-cholesterol levels. In addition, compounds 

the liberation of the free amine since these conditions do not 
hydrolyze the pyrrole ester.

It’s worth noting that due to the weakness of the 
aromatic amines; 4-amino-aminobenzophenone as nucleophiles, 
and the presence of the amine group on the para position of the 
carbonyl moiety of benzophenone decreases the nucleophilicity 
of the amine moiety. And, thus in turn affects the progress of the 
reaction for almost 5 days upon completion. 

Pharmacology

Induction of hyperlipidemia by Triton WR-1339
As we mentioned previously (Triton WR-1339) is used 

to induce acute hyperlipidemia in rats via inhibiting lipoprotein 
lipase enzyme which leads to blocking the clearance of TG-rich 
lipoproteins (TLRs). Triton WR-1339 was used in many studies 
to evaluate the efficacy of several antihyperlipidemic agents. It 
has been published before that one shot of (Triton WR-1339) 
IP at a dose of 300 mg/kg to adult rats is enough to produce 
acute hyperlipidemia and the (peak) plasma TG, LDL-C, and 
TC levels were reached at 18 hours [25].

Plasma levels of TC, TG, LDL-C, and HDL-C of the 
NCG and the HCG treated for 18 hours are shown in Table 1.

One shot of IP injection of Triton WR-1339 leads to a 
significant elevation in plasma TC, TG, and LDL-C (p < 0.0001) 
levels and a significant reduction in HDL-C (p < 0.0001) in 
HCG 18 hours after Triton injection compared to the NCG. 
The plasma TC levels in the HCG were markedly increased by 
458%, after 18 hours as compared to the NCG. The increase of 
the TG levels in the HCG was 3911% in comparison with the 
NCG, which is about 40 times more than the TG levels in the 
NCG after 18 hours. LDL-C level in HCG was also raised by 
612% after 18 hours as compared to the NCG at the same time, 
on the other hand, the HDL-C level was significantly reduced 
by 29% 18 hours after Triton WR-1339 injection.

Effect of compounds 3, 5, and bezafibrate on plasma lipid profile 
Figures 4–7 show the effect of novel pyrrole 

carboxamide derivatives 3, 5, and BF on plasma TC, TG, HDL-C, 
and LDL-C levels in treated rats after 18 hours. Interestingly, 
the higher plasma TG levels produced by the single injection 
of Triton WR-1339 were remarkably (p < 0.001) decreased by 
95% and 80% in compounds 3 and BF respectively, and by 23% 
in compound 5 (p < 0.001) after 18 hours, with respect to HCG 
treated with Triton (Fig. 4).

Table 1. Effect of Triton WR-1339 on plasma lipid levels after 18 hours.

Lipid profile

Groups TG (mg/dl) HDL (mg/dl) LDL (mg/dl) TC (mg/dl)

NCG 53.6 ± 2.6 52.7 ± 3.4 22.0 ± 1.4 88.6 ± 3.7

HCG 2,150.0 ± 
16.7a 37.6 ± 2.7a 156.6 ± 3.1a 494.3 ± 8.2a

a p < 0.0001.
Values are means ± SD from eight animals in each group. NCG, normal 
control group; HCG, hyperlipidemic control group; TG, triglyceride; TC, total 
cholesterol; LDL-C, low-density lipoprotein-cholesterol; HDL-C, high density 
lipoprotein-cholesterol. 

Figure 4. Effect of novel compounds on TGs (mg/dl) after 18 hours. Values are 
means ± SD from eight animals in each group. HCG: hyperlipidemic control 
group; C3: Compound 3; C5: Compound 5; BF: bezafibrate; TG, triglyceride; 
C3, C5 and BF are compared with HCG. * p < 0.01; ** p < 0.01; *** p < 0.001.

Figure 5. Effect of novel compounds on TC (mg/dl) after 18 hours. Values are 
means ± SD from eight animals in each group. HCG: hyperlipidemic control 
group; C3: Compound 3; C5: Compound 5; BF: bezafibrate; TG, triglyceride; 
C3, C5 and BF are compared with HCG. * p < 0.05; ** p < 0.01; *** p < 0.001.
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lipid-lowering drug, compounds 3 and 5 at a dose of 15 mg/kg 
body weight 18 hours after Triton injection showed the same 
potential in decreasing TG levels and in elevating HDL-C levels. 

The lipid-lowering activity of compounds 3 and 5 
adds to the importance of the existence of the three structural 
components (heterocyclic aromatic ring able of hydrogen bond 
formation, large lipophilic moiety, and carboxamide linkage) for 
the anti-hyperlipidemic effects. These findings are compatible 
with our previously published data [32–35].

CONCLUSION
In the current study, novel N-(4-benzoylphenyl) 

pyrrole-2-carboxamide derivatives were successfully 
synthesized and distinguished using IR and NMR. The lipid-
lowering action was evaluated using hyperlipidemic rats 
induced by Triton WR-1339. N-(4-benzoylphenyl) pyrrole-
2-carboxamide derivatives; compounds 3 and 5 were shown 
great potential in enhancing many lipid abnormalities such 
as hypercholesterolemia and hypertriglyceridemia, and then 
elevated HDL levels in Triton induced rats. These results are 
compatible with our previous published data, which approves 
that agents containing pyrrole-2-carboxamide nucleus do have 
a lipid-lowering effect [20].

In sum, our obtained result is highly encouraging with 
great potential, but more studies are required to explain the 
exact mechanisms of action and how the profile of these novel 
agents is secured and safe as (lipid-lowering) compounds.
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3 and 5 elevated serum HDL-C, and decreased the risk of 
atherosclerosis and cardiovascular disorders, after 18 hours of 
Triton administration. 

The rise in plasma TG, TC, and LDL-cholesterol levels 
seen after a single injection of Triton is mainly due to Apoc3, 
Hmgcs1, Apob, and Apoa1 gene expression upregulation 
[26,27]. Moreover, the large reduction in plasma HDL levels 
in Triton treated rats results mostly from the progressive 
movement of apolipoprotein A-1 from the HDL surface without 
loss of lipids [28]. 

Therefore, taking into consideration that ApoC3 is 
strongly linked to hypertriglyceridemia with an atherogenic 
effect and leads to hypertriglyceridemia by blocking the 
catabolism and the removal of TLRs [29,30], that’s why it is 
not amazement that the hypolipidemic activity of compounds 
3 and 5 was significantly higher for TGs than for cholesterol. 
These observations along with our previously published data on 
similar hypolipidemic agents suggest that our novel compounds 
3 and 5 contribute by downregulating Apoc3 gene expression in 
acute hyperlipidemic rat model leading to decreased TG levels 
[31].

In comparison to bezafibrate at a dose of 100 mg/kg body 
weight, which in the current study used as a standard reference 

Figure 6. Effect of novel compounds on LDL-C (mg/dl) after 18 hours. Values 
are means ± SD from eight animals in each group. HCG: hyperlipidemic control 
group; C3: Compound 3; C5: Compound 5; BF: bezafibrate; TG, triglyceride; 
C3, C5 and BF are compared with HCG. * p < 0.05; ** p < 0.01; *** p < 0.001.

Figure 7. Effect of novel compounds on HDL-C (mg/dl) after 18 hours. Values 
are means ± SD from eight animals in each group. HCG: hyperlipidemic 
control group; C3: Compound 3; C5: Compound 5; BF: bezafibrate; TG, 
triglyceride; C3, C5 and BF are compared with HCG. * p < 0.05; ** p < 0.01; 
*** p < 0.001.
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