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Abstract: 4-(dimethylamino)benzaldehyde, 3,5-dinitrosalicylic acid, berylliumsulfate tetrahydrate, 

urea, sodium azide, iron(II)sulfateheptahydrate, 2-thiobarbituric acid, benzidine,  and hydrazinium 

sulfate, which are commonly used in the pharmaceutical industry and medical studies, have been 

examined as novel type of inhibitors of PON1. PON1 was purified by hydrophobic column of Sepharose-

4B-coupled L-tyrosine- 1-naphthylamine. PON1 enzyme activity towards paraoxon substrate was 

quantified spectrophotometrically. A critical overview of the effects of these nine reagents on PON1 

which associated with cardiovascular diseases has been given. The IC50 values were between 1.26×10-

4 M and 2.31×10-4 M and benzidine showed the best inhibitory effect (IC50 = 1.26×10-4M) for PON1 

enzyme activity. 
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1. Introduction 

Paraoxonase 1 (PON1) has relation with high-density lipoproteins (HDL). PON1 is synthesized 

by liver and discharged in the blood stream [1,2].  PON1 is an antioxidant enzyme due to the its 

antioxidant activity. PON1 has an ability to hydrolyze lipid peroxides, catalyzing the breakdown of 

oxidized phospholipids from low-density lipoprotein (LDL) [3]. For this reason, PON1 has an 

significant responsibility for lipid metabolism, preventing atherosclerotic plaque formation [4,5]. 

Patients with cardiovascular diseases (CVD) are seen to have lower serum PON1 activity [6]. 

Coronary artery disease (CAD) and other associated diseases are main causes of morbidity and 

mortality in different regions of the world [7,8].  The onset of these diseases is associated with the 

presence of atherosclerosis, a chronic disease with multifactorial etiology [9,10]. Among the factors 

contributing to risk for CVD, dyslipidemia has been shown to be common and its relation with other 

factors substantially increases the risk of developing cardiovascular diseases [11]. 

With regards to genetic impacts on coronary heart disease progress, there is evidence defining that 

changes in paraoxonase family (PON) genes conduce to CVD pathogenesis [12–14]. It has been 

demonstrated by studies that the paraoxonase1 (PON1) enzyme is related to the inhibition of lipid 

peroxidation of high-density lipoprotein cholesterol (HDL-C), reduced oxidative modification of low-

density lipoprotein cholesterol (LDL-C) [15,16], and protection of HDL-C and LDL-C function [17,18]. 

Serum PON1 activity is an inversely proportional to CVD in that individuals with diseases of the carotid 

artery or coronary and myocardial infarction display lower PON1 activity  [14,15]. Thus, PON1 has 

been detected as a candidate gene that may explain individual propensity for CVD [16,17]. 

http://dergipark.gov.tr/mejs
mailto:m.oguzhankaya@gmail.com


Middle East J. of Science (2017) 3(1):59-68  

 

60 

 

In this study, nine compounds which are commonly used in the pharmaceutical industry and 

medical studies were used, and their inhibitory impacts on purified human serum PON1 activity were 

evaluated. 

2. Materials and Methods 

The materials used including sepharose 4B, L-tyrosine, 1-napthylamine, paraoxon, protein assay 

reagents were obtained from Sigma Chem. Co. All. chemicals used were analytical grade.  

2.1. Purification of PON1 enzyme from human serum 

Blood samples were taken from those who were healthy and voluntary. Human serum was 

insulated from fresh human blood collected in a tube which was dry. The blood samples were 

centrifuged at 26916 g for 15 min and the serum was recovered. Initially, crude serum PON1 was 

insulated by ammoniumsulfate precipitation (60–80% fraction) [19]. The precipitate was collected by 

centrifugation at 26916 g for 20 min. and then redissolved in 100mM Tris–HCl buffer (pH 8.0) [20]. 

Then, hydrophobic interaction chromatography was applied to crude PON1 solution on a 

hydrophobic column of Sepharose-4B-coupled L-tyrosine- 1-naphthylamine, synthesized according to 

Sinan et al.[19]. The paraoxonase was eluted with ammonium sulfate gradient using 0.1 M Na2HPO4 

buffer with and without ammonium sulfate pH 8.00. The purified PON1 enzyme was stocked with 2 

mM CaCl2 at +4 °C, so as to fulfill the activity [19,20]. 

2.2. Paraoxonase enzyme assay 

PON1 enzyme activity towards paraoxon substrate was quantified spectrophotometrically 

through the method defined by Gan et al.[21]. The reaction was followed for 2 min. at 37 ○C by 

monitoring the appearance of p-nitrophenol at 412 nm in a Biotek automated recording 

spectrophotometer. A molar extinction coefficient (ɛ) of 17 100M-1 cm-1 for p-nitrophenol in 100mM 

Tris-base buffer (pH 8.0) was applied to calculate. PON1 activity (1 Ul-1) was described as 1 µmol of p-

nitrophenol formed per minute [19–21]. 

2.3. Data Analysis 

For studies related to inhibition of nine potential CVD preventing reagents (4-

(Dimethylamino)benzaldehyde, 3,5-Dinitrosalicylic Acid, Berylliumsulfate tetrahydrate, Urea, Sodium 

Azide, Iron(II)sulfateheptahydrate, 2-Thiobarbituric acid, Benzidine, Hydrazinium sulfate) as PON1 

inhibitors different concentrations were added from stock solution (10-3 M) to the enzyme activity. 

Paraoxonase activity with these chemicals was assayed with the hydration of paraoxon followed. 

Activity values (%) of paraoxonase related to six different concentrations of each these nine chemicals 

were determined through regression analysis using the Microsoft Office Excel as shown in the Figure1. 

Paraoxonase activity was accepted as 100 % in the absence of these reagents and IC50 values of the 

mentioned reagents were obtained from the graphs.  

3. Results 

In this study, PON1 was purified from a crude ammonium sulfate precipitated fraction of human 

blood serum using a Sepharose 4B-L-tyrosine-1-naphthylamine hydrophobic interaction 

chromatography column. 

To evaluate inhibitory effects of PON1, PON1 inhibition assays with Paraoxon-ethyl were 

applied to all these nine compounds as a substrate. The results revealed that these compounds inhibited 

the PON1 enzyme activity. The IC50 values of these compounds for PON1 have been outlined in Table 

1. The IC50 values were between 1.26×10-4 M and 2.31×10-4 M for PON1 enzyme activity as shown in 

Table 1. Among the compounds, Benzidine was found as the most active compound (IC50 = 1.26×10-

4M) for PON1 inhibitory activity (Table 1.). 
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Table 1. IC50 values of 4-(dimethylamino)benzaldehyde, 3,5-dinitrosalicylic acid, berylliumsulfate 

tetrahydrate, urea, sodium azide, iron(II)sulfateheptahydrate, 2-thiobarbituric acid, benzidine, and 

hydrazinium sulfate. 

Compound IC50 Values (x10-4M) 

4-(Dimethylamino)benzaldehyde 1,38 

3,5-Dinitrosalicylic Acid 1,42 

Berylliumsulfate tetrahydrate 2,00 

Urea 1,79 

Sodium Azide 1,82 

Iron(II)sulfateheptahydrate 2,31 

2-Thiobarbituric acid 1,64 

Benzidine 1,26 

Hydrazinium sulfate 1,86 

 

 

  

Figure 1. Activity (%) – [Inhibitor] graph of 4-(dimethylamino)benzaldehyde, 3,5-dinitrosalicylic acid, 

berylliumsulfate tetrahydrate, urea, sodium azide, iron(II)sulfateheptahydrate, 2-thiobarbituric acid, 

benzidine and hydrazinium sulfate on PON1. 

4. Discussion 

The literature shows that many enzymes and physiological systems are affected differently by 

4-(Dimethylamino)benzaldehyde in different ways and at different levels. Stefek et al. (2000) showed 

that through a model of streptozotocin induced diabetes in rats, the 4-(Dimethyamino)benzaldehyde 

reactive material was determined in the rat tail tendon collagen. Time-related relationships of the 4-

(dimethyamino)benzaldehyde detectable material with tendon mechanical strength and with advanced 

glycation endproduct related fluorescence were assessed. The effect of the glycation inhibitor 
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aminoguanidine was determined. Finally, they showed that the pepsin digest of collagen from diabetic 

rats could react with 4-(dimethylamino)benzaldehyde under acid conditions to generate a coloured 

derivative [22]. Moreover, in the study of Mahmoud et al. (1993) aimed to investigate the compound 4-

(diethylamino)benzaldehyde (DEAB) is a potent inhibitor of cytosolic (class 1) aldehyde dehydrogenase 

(ALDH) In vitro and can cricumvent cyclophosphamide resistance in murine leukemia cells known to 

have high content of ALDH. They come to a conclusion that DEAB is a potent inhibitor of ALDH In 

vivo and has no impact on the mixed function oxidase activity as detected by antipyrine clearance [23]. 

Yang et al. (2012) showed that an LC–MS/MS method to determine Methoxyamine (the first 

DNA base-excision-repair inhibitor evaluated in humans) quantitatively in human plasma was 

developed and validated. In their study, Methoxyamine and methoxyl-d3-amine (Methoxyamine’s 

stable isotope) was derivatized directly in plasma with 4-(N,N-diethylamino)benzoaldehyde under 

acidic conditions [24]. 

3,5-Dinitrosalicylic Acid mostly used by Cell Biology, D, Hematology and Histology, Stains & 

Dyes researchers for in colorimetric determination of reducing sugars  and to analyze glycosidase 

(glycoside hydrolase) activity by quantitation of enzymatically released reducing sugar [25,26]. 

Akkarachiyasit et al. (2010) and Alina et al. (2012) studied with 3,5-Dinitrosalicylic Acid for to stop the 

reaction of amylase activity [27,28]. In addition, Pyrenebutylamidopropylimidazole 1 was synthesized 

as a sensor for 3,5-dinitrosalicylic acid (3,5-DNSA) and 5-nitrosalicylic acid (5-NSA), among other 

aromatic carboxylic acids, and Hg2+ among different metal ions in PBS-EtOH solutions by Kumar et. 

al. (2015) [29]. Many publications on phenolics as potential inhibitors present hugely different assay 

conditions causing variable estimates of inhibition. On this basis, Nyambe et. al. (2015) optimised the 

In vitro alpha-amylase inhibition assay and they particularly showed the significance of removal of 

certain polyphenols after the enzymic reaction when applying 3,5-dinitrosalicylic acid as polyphenols 

interfere with this reagent [30]. 

Trace metals such as cadmium, nickel, arsenic, beryllium and chromium (VI) have been 

recognized as human or animal carcinogens by International Agency for Research on Cancer (IARC). 

The Carcinogenic ability of these metals relies heavily on factors such as oxidation states and chemical 

structures. The oxidative concept in metal carcinogenesis suggests that complexes formed by these 

metals, In vivo, in the vicinity of DNA, catalyze redox reactions, which in turn oxidize DNA. The most 

important effect of reactive oxygen species in the carcinogenesis progression is DNA damage, resulting 

in DNA lesions like strand breaks and the sister-chromatid exchange. Mulware et. al. (2013)  paper looks 

through the carcinogenicity of various trace elements [31]. As stated by IARC reports (1993), beryllium 

inhalation by experimental animals, intratracheal studies on rats, intrabronchial studies on monkeys and 

intravenous or intramedullary administration to rabbits gave enough proof of carcinogenicity to 

beryllium and its compounds [32]. That risk of carcinogenesis to the exposure to beryllium and 

beryllium compounds rose required it to be considered as one of the most carcinogens (group 1) to 

human by IARC (2002) [33]. 

Rajagopalan et. al. (1961) studied with twenty-one diverse enzymes. These enzymes were 

subjected to test for their inclination to inhibition by urea and the nature of the inhibition characterized 

in each case. The results demonstrated interesting dissimiarities in patterns of urea inhibition and were 

considered to be related to the mechanism of formation of the enzyme-substrate complex in each case. 

The competitive inhibition of enzymes by urea was studied under various circumstances in order to beter 

understand the importance of the inhibition [34].  

The use of ferrous sulfate to treat human and rat cells to study dehydroepiandrosterone (DHEA) 

formation in Alzheimer's disease pathology was reported by researchers. Ferrous sulfate was utilized in 

a study of the expression of neuronal nicotinic acetylcholine receptors as affected by oxidative stress in 

PC12 cells.  Ferrous sulfate was shown to counteract the inhibitory action of hydrogen peroxide on 

human cytoplasmic aconitase (iron regulatory protein 1) [35–38]. 
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According to the study of Khan et. al. (2014), guided to the bioorganic and medicinal chemist that 

a simple one step chemistry may generate extra-ordinary bioactive compounds. During Khan et. al. 

study, they synthesized twenty seven thiobarbituric acid derivatives through a simple one step chemistry 

and evaluated for their inhibitory potential against urease. Most of these compounds were identified as 

excellent urease inhibitors [39]. Also, through a robust and quantitative assay, Angelica et. al. (2006) 

described a new class of DNA polymerase inhibitors that presents some specificity against an enzyme 

included in resistance to anti-cancer drugs, namely human DNA polymerase eta (hpol η). In their initial 

screen, the indole thiobarbituric acid (ITBA) derivative 5-((1-(2-bromobenzoyl)-5-chloro-1H-indol-3-

yl)methylene)-2- thioxodihydropyrimidine-4,6(1H,5H )-dione (ITBA-12) was described as an inhibitor 

of the Y-family DNA member hpol η, an enzyme that was related to increased resistance to cisplatin 

and doxorubicin treatments [40]. 

Bae et. al. (2014) reported that detection of a range of potent hepatitis C virus (HCV) NS5A 

inhibitors depended upon the benzidine prolinamide backbone. They set a range of inhibitors based on 

a new benzidine prolinamide core structure, some of which have quite high level of anti-HCV activity 

[41]. Moreover, Vetrano et. al. (2005) found that some benzidine derivatives were all competitive 

inhibitors and where catalase oxidase is significant in activating carcinogens such as benzidine, the 

capability of the dietary constituents to interfere in this process may be significant in their anti-cancer 

activity [42]. 

Hydrazine sulfate (HS), a cost-effective, mass-produced chemical compound observed to be 

applied in plenty of industrial operations, was primarily suggessted as an anticachexia agent based on 

its inhibition of the gluconeogenic enzyme, phosphoenolpyruvate carboxykinase (PEP CK) [43,44]. It 

was further suggested that HS could also, by indirect and non-toxic means, inhibit tumor growth itself 

as a result of tumor energy (ATP) gain and host energy loss (resulting from cancer-induced excessive 

gluconeogenesis) being functionally interrelated -as seemed probable- [45]. Early in-vivo papers showed 

that HS could inhibit weight loss (cachexia) and tumor growth in a variety of transplanted mouse and 

rat models, without direct cytotoxicity [44–48], could make addition to the antitumor impacts of 

chemotherapy drugs [49,50], and was free of important adverse effects [51]. These results largely 

proposed HS as a novel tool of non-toxic cancer chemotherapy [52]. 

IC50 values were calculated as 1.38, 1.42, 2, 1.79, 1.82, 2.31, 1.64, 1.26, and 1.86 mM for 4-

(dimethylamino)benzaldehyde, 3,5-dinitrosalicylic acid, berylliumsulfate tetrahydrate, urea, sodium 

azide, iron(II)sulfateheptahydrate, 2-thiobarbituric acid, benzidine,  and hydrazinium sulfate, 

respectively (Table 1). The chemicals inhibited PON1 at millimolar levels. Benzidine was the strongest 

inhibitor of all the others. 

I presented that 4-(dimethylamino)benzaldehyde, 3,5-dinitrosalicylic acid, berylliumsulfate 

tetrahydrate, urea, sodium azide, iron(II)sulfateheptahydrate, 2-thiobarbituric acid, benzidine, and 

hydrazinium sulfate were more effective inhibitors on human serum PON1 activity as seen in Figure1. 

and Table1. Because there have been no studies observed in the literature on the impacts of these 

commonly used in the pharmaceutical industry and medical studies compounds on PON1. This study 

was conducted to purify PON1 from human serum and to see whether concentrations of 4-

(dimethylamino)benzaldehyde, 3,5-dinitrosalicylic acid, berylliumsulfate tetrahydrate, urea, sodium 

azide, iron(II)sulfateheptahydrate, 2-thiobarbituric acid, benzidine, and hydrazinium sulfate have any 

relation with the activity of pure enzyme. It was discovered that these compounds were related to low 

PON activity. This study gives supportive information for further investigations in relation to the 

inhibitory impacts of cardiovascular studies on PON1 enzyme, which plays a crucial role in 

cardiovascular diseases studies. My findings propose that PON activity is negatively modulated by 

exposure to these compounds that are commonly used in the pharmaceutical industry and medical 

studies. 

In conclusion, it is known that, enzyme inhibition is a significant subject for drug design and 

biochemical practices [53,54]. My results suggest that the compounds 4-(dimethylamino)benzaldehyde, 

3,5-dinitrosalicylic acid, berylliumsulfate tetrahydrate, urea, sodium azide, iron(II)sulfateheptahydrate, 
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2-thiobarbituric acid, benzidine, and hydrazinium sulfate will probably be adopted as prospectives for 

the treatment of cardiovascular diseases.  Additionally, these reagents should be considered to be 

assessed in advance levels in In vivo studies. Because there is no clear evidence that any of these 

compounds are strongly associated with cardiovascular diseases risk.  
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