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 Hyperlipidemia is a metabolic disorder of lipids, it is a major risk factor of 

cardiovascular diseases and metabolic syndromes. This study aimed to 

synthesize a mutual prodrug of niacin with beta-sitosterol (compound 1a) 

and niacin with probucol (compound 1b) and obtain their 

antihyperlipidemic effectives and massive deleterious effects on 

cardiomyocyte on rats. A cross-sectional study was performed at Hawler 

Medical University/ in the Experimental Animal House of the College of 

Medicine /Erbil/Iraq, both mutual prodrugs were chemically synthesized 

through esterification reaction, seventy albino rats of both sex, were divided 

into 2 groups, control and treatment groups. The control group was 

subdivided into 2 subgroups (normolipidemic and hyperlipidemic 

subgroups) each consist of ten rats. While the treatment group was 

subdivided into 5 subgroups each contains ten rats (Niacin, beta-sitosterol, 

physical mixer of them, and the mutual prodrugs compound 1a and 

compound 1b), all along with high fat diet. Almost all compounds used in 

treatment group had a different degree of antihyperlipidemic effect, the 

mutual prodrug (compound 1a) showed the best results in lowering serum 

lipid levels also in modifying the deleterious effect on rat's cardio myocytes 

resulted from hyperlipidemia, while the mutual prodrug (compound 1b) 

showed non-promising effects. The synthesized mutual prodrug 

(Compound 1a) has appeared to be superior in lowering total cholesterol 

more than the physical mixture of niacin and beta-sitosterol, In addition to 

its ability to make the cardiac tissues returned near to normal. 

 

 
 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Hyperlipidemia-induced cardiovascular disease is the main cause of morbidity and mortality in both 

developed and developing countries, which is the most prevalent predictor of susceptibility to atherosclerotic 

heart disease. This term typically describes large plasma concentrations of lipids usually in the form of 

lipoproteins. It was primarily affected by an underlying liver, kidney, pancreas and thyroid disease [1]. 
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Atherosclerosis can be characterized as degenerative changes in the medium and large arteries. The lipid 

accumulation, complex carbohydrates, blood and blood products, along with the development of fibrous 

tissue and calcium deposition in blood vessels are included in this degradation [2]. 

 

 Lipoproteins are macromolecules consisting cholesterol and triglyceride noncovalently bounded with protein 

and carbohydrate. Hyperlipoproteinemia is a lipid disorder condition that result from disruption of lipoprotein 

metabolism, it has been classified into: type I which result from disruption in lipoprotein lipase activity, the 

enzyme responsible for hydrolyzing the triglyceride that found in chylomicrons. Type II which has been 

subdivided in to two subtypes: IIa which represent elevated levels of LDL and normal level of TG. IIb 

represent elevated VLDL in addition to LDL. Type III characterized by a board band of beta lipoprotein. 

Type IV, which characterized by elevation of VLDL level, while type V appear with higher chylomicrons 

and VLDL levels [3], [4]. 

 

3-pyridinecarboxylic acid (Niacin) is beneficial for the treatment of Hyperlipoproteinemia of any type, with 

the exception of type I, at doses higher than vitamin supplementary doses. The drug reduces the synthesis of 

VLDL and its IDL and LDL plasma components. It also decreases the levels of plasma triglycerides and 

cholesterol as LDL and VLDL are decreased. The anti-hyperlipidemic effect of niacin may be caused by its 

ability to inhibit lipolysis (i.e., prevent the release of FFAs and glycerol from fatty tissues). The chemical 

esterification of Nicotinic acid has been proved to increase and prolong its antihyperlipidemic effect [5]. 

 

Beta-sitosterol is a plant sterol with a similar composition to that of cholesterol with the substituted group of 

ethyl in the c-24 of its side chain. The medication is suspected of inhibiting absorption from the 

gastrointestinal tract of dietary cholesterol; Sitosterol is poorly absorbed by the mucosal lining and tends to 

compete for absorption in the intestine with cholesterol [6]. 

 

Probucol has anti-inflammatory and anti-oxidant effects and the ability to protect against atherosclerosis. It 

decreases high cholesterol and LDL, also improves brain and motor function [7]. 

 

The aim of this study was to synthesized mutual prodrugs (compound 1a and compound 1b) and evaluate 

their antihyperlipidemic effects, also comparing the antihyperlipidemic effects among all treatment groups, 

and evaluate the histopathological effects of the mutual prodrugs on rats cardiomyocytes. 

 

2. Materials and Methods 

 

2.1 Chemical part 

All The chemical materials and solvents were received from the commercial suppliers (Sigma-Aldrich, 

Merck, and Alfa aesar). Thin layer chromatography (TLC) was run by used Silicagel (60) F254 from (Merck) 

to know the Rf value of the new products and to monitor reactions. Capillary method is used to determine the 

Melting points by using Electrothermal IA9000, Essex, UK. The identification of compounds was done by 

using FT-IR spectra by using SIDCO (England) spectrophotometer. Elemental analysis by using EuroEA 

3000 (United Kingdom) Elemental analyzer and HNMR spectra by using NMReady-60PRO (60 MHZ) 

(Canada) spectrometer. 

 

2.2 Method of synthesize compound 1a &1b 

The compounds were synthesized though a known procedure with a little modification [8]. Mixture of niacin 

and Thionyl chloride in a round flask was reflexed for 2hr, and then the remaining Thionyl chloride was 

removed under vacuum [9].The acid chloride (10mmole) was added to a mixture contain (beta-
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sitosterol(10mmole) or probucol (5mmole))and methylene chloride 100 ml in a conical flask, the mixtures 

were  stir at room temperature for 24 hour, The precipitate was formed by evaporation and washed with water 

(100ml) and extracted three times with chloroform and dried over anhydrous sodium sulphate NaSO4, the 

final products were collected after remove the chloroform by rotatory evaporator and they were recrystallized 

from acetone : hexane  (90:10) solution. 

 

 
Figure 1: synthesis of compounds 1a and 1b 

 

2.3 Animal groups and dosing 

Seventy albino rats of both sex (Rattus norvegicus) were purchased from animal house college of Medicine, 

Hawler medical University (ethical permission: HMU-PH-EC 270920-113), their ages ranged between (3.5-

4) months, while weight were between (200- 250 g). Animals were housed in controlled condition of 

temperature (25 ± 3C°), and 12 hours light-dark cycles. Rats were feed free access of water and standard 

chow diet, and then divided into two major groups, control and treatment groups. 

1-control group: consist of two subgroups each of 10 rats. 

a) Normolipidemic group (-ve) 

 b) Hyperlipidemic group (+ve): this group was administered triglycerides rich diets containing cholesterol 

[10]. 

2-Treatment group: consist of five subgroups each contain ten rats, all of them were administered high fat 

diet plus the treatment compounds. 

a) Niacin group: they were administered niacin 85 mg/kg/day [11]. 

b) beta-sitosterol group: they were administered beta-sitosterol 286 mg/kg/day 

c) Mixer group: they were administered a product resulted from a physical mixing of both niacin 108 

mg/kg/day and beta sitosterol 286 mg/kg/day. 

d) Compound 1a group: they were administered compound 1a 371 mg/kg/day (which contain niacin 85 

mg/kg/day)   

e) Compound 1b group: they were administered compound 1b 263 mg/kg/day (which contain niacin 85 

mg/kg/day) 

 

2.4 Pharmacological part 

The rats were first weighed and then all the groups (Except the control normolipidemic group (-ve)) were fed 

with high fat diet to establish the stage of hyperlipidemia [12]. Immediately after feeding the high cholesterol 

diet, the rats received the corresponding treatment drug according to the started dose for each group, (except 

for normolipidemic group (-ve) and hyperlipidemic group (+ve)), the treatment compounds were dissolved 

in distilled water immediately before administration to the rats via oral gavage. 
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2.5 Blood sampling and serum preparation 

After 6 weeks, 24 hrs. of the last dose, the rats were anesthetized by injecting thiopental sodium 100mg/kg/IP 

[13], to render them unconscious which required approximately 3-4 min., then they were dissected, to expose 

the beating heart, and by the use of a 5 ml syringe, blood was withdrawn directly from the right ventricle, 

after that the heart was removed, dried with filter paper, weighed and put in formaldehyde solution 37% 

concentration diluted with normal saline 0.9% (1:3)  and sent for histopathological examinations. 

 

The withdrawn blood was placed in a graduated glass conical bottom centrifuge tubes and allowed to settle 

for 20 min after which it was centrifuged at 3000 round per minute for 10 min. the obtained serum was placed 

in eppendorf tubes and stored at -20o C for further analysis. 

 

The serum samples were used for the estimation of total cholesterol (TC), total triglyceride (TG), HDL-

cholesterol and LDL-cholesterol through using Quimica Clinica Aplicada (QCA) test kits (Spain) [14]. 

 

2.6 Statistical analysis 

SPSS version 23 was used for statistical analysis. using Post Hoc test with p value of less than 5% (p< 0.05) 

was considered statistically significant.  All values were expressed as Mean ± SD. 

 

3. Findings and Discussion 

The newly synthesized mutual prodrugs showed melting points, elemental analysis values and spectroscopic 

characterizations completely different from the reactants as shown in the table 1 and table 2.The IR, HNMR 

and elemental analysis results in table 2 confirmed the synthesized of compound 1a and compound 1b (IR 

spectra (the disappearance of OH bands at about 3300 and the appearance of the ester bands (C=O) at 1740-

1745) and HNMR spectra (the disappearance of H peaks of carboxylic acids at about 10-12). 

 

Table 1: Percentage of yield, melting points and Rf values of compound (1a-1b) 

Compounds Percentage of 

yield 

Melting points Rf values 
 

1a 68.3% >243Cº decompose 0.74 

1b 22.7% >298Cº decompose 0.69 

*Mob. Phase (hexane, methanol, diethyl ether) (45:10:45) 

 

Table 2: Spectroscopic characterization and elemental analysis values of the compound (1a-1b) 

Compounds  Spectroscopic characterization elemental analysis 

values 

Compound 1a 

 

 

 IR (Ʋmax cm-1), 3062 (C-H) 

aromatic ,2920 (C-H)  of methyl 

group  , 1741  C=O stretching 

vibration of ester group, 1591 & 
1473 C=C stretching vibrations of 

aromatic ring 

1H-NMR (DMSO) δ(ppm): 0.79 
H of methyl groups (CH3), 1.18H 

of methylene groups (CH2), 6.3H 

of the cyclic ring (latral), 7.33 – 
8.7H of pyridine ring. 

C, 81.23 

H, 11.31 

N, 2.86 
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Compound 1b 

 

 
 

 IR (Ʋmax cm-1), 3081 (C-H) 

aromatic ,2937 (C-H)  of methyl 

group  , 1743  C=O stretching 
vibration of ester group) 

1H-NMR (DMSO) δ(ppm),: 1.2-

1.7 (H-aliphatic) , 7.3 - 8.9 (H-
aromatic and H of pyridine ring) 

C, 71.58 

H, 7.52 

N, 3.91 

 

The levels of TC, TG, LDL, the traditional biomarkers help in the diagnosis of lipid levels. Our finding 

showed all these parameters were significantly difference between control (-ve) group and those which 

feeding with high fat diet control (+ve) group. Also, it has been postulated that in this study the benefit 

cholesterol; HDL level of control (+ve) group was significantly decrease in comparison with control (-ve) 

group (Table.3). which supports the previous studies [15], [16]. 

 

Table 3: The significant difference between the control group(-ve) and the control group(+ve) regarding to 

TC,TG,HDL and LDL 

Biomarker 
 

Groups 

TC 

Mean ± SD 

mg/dl 

TG 

Mean ± SD 

mg/dl 

HDL 

Mean ± SD 

mg/dl 

LDL 

Mean ± SD 

mg/dl 

Control (-ve) group 73.650±1.183 84.912±1.629 32.778±0.541 29.410±0.530 

Control (+ve) group 127.850±1.677 106.420±2.443 17.689±0.868 57.310±1.452 

P value < 0.001 < 0.001 < 0.001 < 0.001 

*p<0.05 indicates significant differences 

 

The niacin group indicated a significant reduction in TC and TG in the comparison with control (+ve) group. 

A previous study revealed that niacin can significantly reduce TG level in diabetic patients [17]. Also with 

another study showed that treatment of APOE*3Leiden.CETP transgenic mice (Plasma Levels of Cholesteryl 

Ester Transfer Protein) with niacin caused a sustained reduction in plasma TG [18]. The treatment groups of 

beta-sitosterol, Mixer and Compound 1a also showed a significant reduction in TC and TG when compared 

with the control (+ve) group. This is consistent with the pre-study which showed a significant difference 

compared with the control group after oral treatment with beta-sitosterol of 35 days in hyperlipidemic mice 

[6]. The compound 1b group showed no statistically significant differences in TC and TG levels compared 

with the control (+ve) group (Table 4). Compound 1a showed the best effect on reducing TC among all the 

treatment groups (Fig 2). 

 

Table 4: The (Mean± SD) of the treatment groups and P values of the treatment groups with the control 

(+ve) group regarding to TC and TG 

Biomarke 

 
 

Groups 

 

TC 

Mean ± SD 

mg/dl 

 
 

P value 

 

TG 

Mean ± SD 

mg/dl 

 
 

P value 

Niacin group 97.550±2.854 < 0.001 94.050±1.837 < 0.001 

Beta-sitosterol 
group 

108.200±3.484 < 0.001 99.13±2.125 < 0.001 

Mixer group 98.620±2.426 < 0.001 96.68±1.788 < 0.001 

Compound 1a 
group 

80.270±2.991 < 0.001 100.37±1.987 < 0.001 
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Compound 1b 

group 
127.050±2.537 0.487 106.27±3.715 0.885 

*p<0.05 indicates significant differences 

 

 
Figure 2: The mean of total cholesterol TC for the control (+ve) group and the treatment groups 

 

Our finding suggests that the niacin group showed significantly increase in HDL levels compared with control 

(+ve) group. A previous study showed that; nicotinic acid is effective agent in increasing HDL cholesterol in 

hypercholesterolemic diabetic and hypercholesterolemic non-diabetic Albino rats [18]. In addition, non-

significant difference has been shown in HDL level with beta-sitosterol group as compared with control (+ve) 

group and this is agreed with the results of previous study which indicated that there was no significant change 

in HDL level after treatment with beta-sitosterol as compared with hyperlipidemic mice [6]. The compound 

1a and mixer groups showed significantly increase in HDL levels compared with control (+ve) group, while 

compound 1b group showed non-significant differences in HDL levels compared with control (+ve) group. 

Our Study presented all treatment groups are significantly reduced LDL when compared with control (+ve) 

group except there was non- significant change seen in compound 1b groups (Table 5). 

 

Table. 5: The (Mean± SD) of the treatment groups and P values of the treatment groups with the control 

(+ve) group regarding to HDL and LDL 

Biomarker 

 
Groups 

HDL 

Mean ± SD 

mg/dl 

 

P value 

LDL 

Mean ± SD 

mg/dl 

 

P value 

Niacin group 26.140±2.173 < 0.001 46.67±2.035 < 0.001 

Beta-sitosterol 
group 

17.8±2.182 0.897 28.720±1.414 < 0.001 

Mixer group 24.66±2.859 < 0.001 36.180±3.032 < 0.001 

Compound 1a 
group 

20.11±1.618 0.006 38.710±2.637 < 0.001 

Compound 1b 

group 
16.689±2.024 0.245 57.23±1.987 0.930 

*p<0.05 indicates significant differences 

 

The evidence of histopathological examination showed that different doses of the treatment groups have an 

effect on rat’s cardiac muscle and inflammatory cells infiltration, and vascular congestion of hearts. The beta-

sitosterol 286 mg/kg/day severe mix infiltration of inflammatory cells plus fibroblast and edema, necrosis 
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and vascular congestion (Fig.3(c)). Niacin of 85 mg/kg/day demonstrated congested thick wall blood vessels, 

scattered inflammatory cells stick on focal area of damaged endothelial wall, especially macrophage which 

surrounded necrotic cardiac muscle cell (Fig.3 (d)). The mixer group presented dilated congestion of blood 

vessels and edema with mild necrosis (Fig.3 (e)). Only mild focal vascular congestion with mild edema of 

cardiac rat’s muscle was detected by administration of newly synthesized compound 1a in a dose of 371 

mg/kg/day (Fig.3 (f)). While sever tissue damage with loss of normal architecture was detected by 

administration of newly synthesized compound 1b in a dose of 263 mg/kg/day (Fig.3 (g)). Microscopic 

appearance of control group(+ve) showed hemorrhage, necrosis, mixed inflammatory cells infiltration, 

accumulation of lipocytes, irregularities of bundles with prominent vascular congestion and dilation on 

cardiac muscle in comparison with control (-ve) group of both sex (Fig. 3 (b) and (a)). The histopathological 

results of our study are highly agreed with many previous studies [19- 21]. 

 

 
Figure 3: Histopathological sections of the rats hearts (bisected and the whole tissue taken) of all groups 

stained with hematoxylin and eosin stain (H & E). 

(a) control (-ve) group, (b) control (+ve) group, (c) beta-sitosterol group, (d) niacin group, (e) mixer group, 

(f) compound 1a group, and (g) compound 1b group  

 

4. Conclusion 

The synthesized mutual prodrug (Compound 1a) has appeared to be superior in lowering total cholesterol 

more than the physical mixture of niacin and beta-sitosterol, In addition to its ability to make the cardiac 

tissues returned near to normal that we didn't see in each one of the drug alone. While the synthesized mutual 

prodrug (Compound 1b) appeared to be inferior in ameliorating the damage effect of hyperlipidemia in rats 

biochemically and histopathological. 
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