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Abstract: 
The study describes the effect of vanillin derivative on the 

activity of aryl esterase in vitro. After that, the estimated 

effectiveness of the enzyme aryl esterase, troponin T and lipids.          

The research included the collection of 120 blood samples 

distributed to 60 blood samples of healthy people as a control 

group and 60 blood samples of patients with atherosclerosis 

who were diagnosed under the supervision of specialized 

doctors at Salah Eddin General Hospital / Catheterization Unit. 

Results showed that the vanillin derivative has an invigorating 

effect on the activity of aryl esterase, and that the degree of 

enzyme activation increases with the increase in the 

concentration of the derivative, while there was lower with a 

probability level (P≤ 0.0006) in the activity of aryl esterase from 

the serum of patients with atherosclerosis in addition, a 

significant increase at the probability level ( P ≤ 0.001) in the 

level of total cholesterol, triglycerides, LDL-C and VLDL-C , 

while there was decrease at the probability level (P ≤ 0.0004) in 

the level of  HDL-C. 
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 دراسة مختبرية لدور مشتق الفانيلين في نشاط انزيم الأريل استيريز

 ياسر أحمد موفق          اضل داود خالد ف          مروج موسى عطاالله

 

 

 الخلاصة 
عينة دم لمرضى  60و سيطرة عينة دم لأشخاص أصحاء كمجموعة  60عينة دم موزعة على  120تضمن البحث جمع 

اشتملت  بمستشفى صلاح الدين العام / وحدة القسطرة.مختصين تم تشخيصهم تحت إشراف أطباء  تصلب الشرايين ،

فعالية إنزيم أريل ها تم تقدير بعد الجسم.خارج  يزريريل استانزيم الأالدراسة على وصف تأثير مشتق الفانيلين على نشاط 

أظهرت النتائج أن مشتق حيث . في مرضى تصلب الشرايين ومجموعة السيطرة ريز، تروبونين تي والدهونياست

ريز، وأن درجة تنشيط الإنزيم تزداد مع زيادة تركيز المشتق، بينما كان يعلى نشاط أريل استتنشيطي الفانيلين له تأثير 

مرضى تصلب الشرايين لدى ريز يفي نشاط أريل است  (P≤ 0.0006)هناك انخفاض معنوي مرتفع بمستوى احتمالية 

 ندعبالإضافة إلى ذلك  لوحظ زيادة كبيرة  ،HDL-C في مستوى  (P≤ 0.0004) انخفاض عند مستوى الاحتمال و

لدى مرضى تصلب  TCH ،TG ،LDL-C ،( VLDL-C كل من ) في مستوى ( (P≤0.001 الاحتمالية  مستوى

 الشرايين.

 

 

 

Introduction 
Atherosclerosis is one of the most 

important diseases of the Cardiovascular 

disease (CVD) and the most important 

basic causes of human death in the 

developed world, if the reports of the 

American Heart Association show that the 

disease kills one million people annually 

and is considered more than the death rate 

of cancer therefore, there is an urgent 

need to find effective preventive and 

therapeutic strategies to change this fact 

because of its health and economic 

consequences
[1]

. Atherosclerosis results 

from a primary injury to the lining of the 

arteries, resulting from several 

physiological and environmental factors, 

which leads to a response to inflammation 

and necrosis
[2]

, Atherosclerosis leads to 

the formation of active macrophages 

capable of producing enzymes that 

degrade protein and destroy collagen, 

which adds strength to the ample fibrous 

covering, making the covering fragile, 

weak and more prone to rupture
[3]

. Recent 

studies indicate a relationship  between 

atherosclerosis and fat on the one hand, 

and inflammation on the other hand, and 

according to the hypothesis of lipid 

oxidation, (LDL-C) (present in the lining 

of blood vessels) increases its uptake by 

macrophages 
[4] [5]

 so it works to promote 

the development of foam cells,  

 

which is a feature of the development of 

plaques in atherosclerosis, and maintains 

cytokines and their receptors in directing 

immune cells and works on the response 

of white blood cells stimulating the 

incidence of atherosclerosis, which 

increases the risk and complication of 

atherosclerosis disease with an increase in 

the imbalance in the function of 

mitochondria within the cell of the 

organism The neighborhood and increased 

levels of reactive oxygen
[6]

. The presence 

of foam cells and macrophages in the 

lining of blood vessels is the main feature 

of atherosclerotic lesions and their 

development, as they act on the abnormal 

absorption of low-density lipoprotein 

cholesterol while not sequestering 

cholesterol, which leads to its free 

accumulation in the form of fatty droplets, 

thus stimulating foam cells
[7]

 and 

increased coagulation, inflammation, and 

programmed cell death
[8]

. Vanillin (4-

hydroxy-3-methoxybenzaldehyde) is the 

major component of natural vanilla, which 

is one of the most widely used and 

important flavoring materials      

worldwide. This substance   is also 

relevant for the synthesis of different 

agrochemicals, antifoaming and 

pharmaceutical products 
[9]

. 
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Figure (1): Vanillin structure            

 

      Besides its industrial and food 

application this compound has been the 

subject of several scientific investigations 

in the last years, such as the identification 

of antioxidant properties 
[10]

, antimicrobial 

activity 
[11] [12] [13]

, as well as antibiotic 
[14] 

[15]
 and anticancer actions 

[16]
. Conversely, 

vanillin may also induce oxidative stress 

in yeast cells 
[17]

. Part of these biological 

properties can be attributed to the fact that 

vanillin is a phenolic compound. The 

antioxidant activity of phenols is 

attributed to their ability to scavenge free 

radicals. Other 

important phenol compounds include the 

dihydroxybenzene, and its derivatives 
[18]

. 

Vanillin presents different functional 

groups, including ether and aldehyde 

moieties, besides the phenolic group. The 

presence of a methoxy group adjacent to 

the phenol hydroxyl gives origin to a 

group of compounds isolated from plants 

called vanillin, which includes substances 

such as vanillin, eugenol and capsaicin 
[19]

. The presence of the aldehyde 

functional group turns possible the 

synthesis of vanillin derivatives by 

condensation reactions for the production 

of Schiff base derivative 
[20]

 (E)-N-(4-

hydroxy-3-methoxybenylidene)-2-

hydroxybenzohydrazide) this class of 

compounds is particularly interesting 

because the structural organization and the 

presence of moieties with different 

polarities: polar region due hydroxyl 

groups in the upper rim and nonpolar 

region originated by the benzene rings. 

The condensation of p-Vanillin and of 

Salicylic acid (Scheme 1) enables the 

preparation of the compound (E)-N-(4-

hydroxy-3-methoxybenylidene)-2-

hydroxybenzohydrazide), here identified 

as Vanillin derivative (Figure 2). 
 

 

Figure (2):  (E)-N-(4-hydroxy-3-methoxybenylidene)-2-hydroxybenzohydrazide). 

 

This study aims to study the level of the 

enzyme aryl esterase (PON1) in patients 

with atherosclerosis and compare it with 

apparently healthy people as a control 

group. Also this study was aimed to study 

some biochemical variables in 



Tikrit Journal of Pharmaceutical Sciences 2023; 17(2):49-63   
 

52 
 

atherosclerosis such as (troponin T, 

cholesterol, triglycerides, high-density 

lipoprotein, low-density lipoprotein, very 

low-density lipoprotein) and compare to 

healthy people 

Materials and methods                          
The study was conducted in Tikrit City, 

from September to December 2022. Blood 

samples were taken from 60 

atherosclerosis patients, and 60 from 

healthy subjects (control). The blood was 

drawn from the vein using a (5 ml medical 

syringe) and the blood was placed in new, 

sterile plain tubes free of any additives. 

The blood was left for (10) minutes, after 

which the blood serum was separated 

from the coagulated part with a centrifuge, 

the samples were kept at a temperature of 

4ºC until biochemical variables were 

measured. 

Study the effect of the prepared vanillin 

derivative on the activity of 

arylesterases: 

1-  we prepared Different concentrations 

of the compound (E)-N-(4-hydroxy-3-

methoxybenzylidene)-2-

hydroxybenzohydrazide) that was 

prepared solution of 500 mg/ml and 

dissolved in 10 ml of DMSO. 

2- After that, the concentrated initial 

solution of 500 mg/ml that was 

prepared in step (1) is diluted into a 

series of dilute solutions, as the 

following concentrations are prepared: 

(500 mg/ml, 50 mg/ml, 5 mg/ml, 0.5 

mg/ml, 0.05 mg/ml, 0.005 mg/ml, 

0.0005 mg/ml) 

3- The concentrations prepared from the 

compound were added to the reaction 

solution with the same quantity or 

volume of the enzyme concentrations 

that were prepared previously, after 

which the enzyme was added, and so 

the addition of the rest of the 

concentrations was completed 

according to the method of action 

described for the enzyme 
[21]

. 

Estimation of aryl esterase activity in 

serum: 

The activity of the aryl esterase enzyme in 

the serum was estimated using an ELISA 

kit manufactured by (Cloud-Clone Crop) 

company, where the method relies on the 

use of wells plate containing antibodies of 

the enzyme, as standard solutions are 

added to the wells to bind the antigen with 

the antibody of the enzyme present in 

those pits and incubated for a period of 

time, after completing the washing 

process, the Substrate solution is added, 

and only the samples containing PON1 

show a change in color. The interaction of 

the enzyme with the base material stops 

when the sulfuric acid solution is added, 

and the color change is measured at a 

wavelength of 10-540 nm. The enzyme 

concentration in the sample is determined 

by comparing the absorbance of the 

sample with the standard solution by 

drawing a curve between them [21].  

Estimation of troponin T level: 

     cTnT was estimated based on the 

ELISA method 
[22]

, as the microplate 

prepared in this kit was pre-coated with 

cTnT antibody, and cTnT-HRP 

conjugated. The assay sample and buffer 

solution with conjugated cTnT-HRP 

coated in the microplate pre-incubated for 

1 hour. After the incubation period, the 

liquid is discarded and washed five times, 

then the associated standard solutions are 

added, then the base material for the 

Horseradish Peroxidase HRP enzyme is 

added. The product of the enzymatic 

substrate reaction is a blue compound. 

Then the stop solution is added as the blue 

color turns yellow. Optical effectiveness 

reads at a wavelength of 450nm. 

Estimation of cholesterol in serum TC: 

  The level of total cholesterol in serum 

was estimated using the ready-made 

analysis kit from the French company and 

the enzymatic method (Biolabo)
 [23]

. 
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Estimation of triglycerides in serum 

TG: 

The level of triglycerides in serum was 

estimated using the ready-made analysis 

kit from the French company and the 

enzymatic method (Biolabo) 
[23]

. 

Estimation of high-density lipoprotein 

(HDL-C) cholesterol in serum: 

    The level of high-density lipoprotein 

cholesterol in serum was measured by the 

enzymatic method using a ready-made 

analysis kit 
[24]

. Estimation of the level of 

low-density lipoprotein LDL-C 

cholesterol in serum: 

LDL-cholesterol concentrations were 

calculated according to the formula [25]: 

LDL-C (Conc.) = Conc. Total Cholesterol 

- )Conc. HDL-C +Conc. VLDL C( .  

Estimation of very low-density 

lipoprotein VLDL-C cholesterol in 

serum:                                                
After finding the concentration of 

triglycerides according to the amount of 

VLDL-C, depending on the method 
[26]

:  

VLDL-C = TG / 5. 

Results and Discussion 

The results included the statistical values 

of the clinical variables that were 

measured in the current study in the blood 

serum of patients with atherosclerosis and 

the control group (aryl esterase, troponin 

T, lipid profile) and according to the 

working methods described as shown in 

Table (1): 

 

Table (1): The arithmetic mean of the measured variables 

                               

 

 

 

 

 

 

 

 

 

 

 

 

 

P value 

 

Patients 

 

Control  

Parameter Mean ±SE 

N=60 

Mean ±SE 

N=60 

≤ 0.0006 
71.2 ± 3.7 

 
135.36 ± 1.7 PON1 (U/L) 

≤ 0.0003 2.010± 0.145 0.190± 0.020 
cTnT (ng/ml) 

 

≤ 0.001 
215.2 ± 8.9 

 
165.1± 11.2 

TC (mg/dl) 

 

≤ 0.001 200.9± 3.6 100.9± 4.0 
TG (mg/dl) 

 

≤ 0.0004 20.69 ± 0.47 31.61± 1.0 
HDL –C (mg/dl) 

 

≤ 0.001 169.72± 1.9 82.9 ± 2.9 
LDL -C (mg/dl) 

 

≤ 0.001 40.28 ± 0.69 21.36 ± 1.1 
VLDL –C (mg/dl) 
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Measuring the level of the aryl esterase: 

The results shown in Table (1) showed a 

high significant decrease with a 

probability level (P≤ 0.0006) in the 

activity of aryl esterase in the serums of 

patients with atherosclerosis (71.2 ± 3.7 

U/L) compared to control group (135.36 ± 

1.7 U/L) as well. Shown in Figure (3): 

 

Figure (3): Concentration of aryl esterase (U/L) in the serums patients compared to 

control group. 

The results of the current study agreed 

with the previous results 
[27] [28]

, which 

showed that aryl esterase activity was 

inversely related to the risk of developing 

cardiovascular diseases, including 

atherosclerosis, as the results showed a 

decrease in the concentration of aryl 

esterase in patients with atherosclerosis 

compared to healthy subjects, and this is 

due to the increase in oxidative stress 

processes in patients, causing an increase 

in lipid peroxides in the serum, which 

works to inhibit the enzyme, so its 

effectiveness decreases in patients 
[29]

 

Troponin T level: 

The results shown in Table (1) showed a 

significant increase at the probability level 

(P ≤ 0.0003) in the level of cTnT in the 

sera of patients with atherosclerosis  

(2.010 ± 0.145) ng/ml compared to 

control group (0.190 ± 0.020), as shown 

in the figure (4). 

 

 

 

Figure (4): Troponin T level in the serums patients compared to control group. 
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The results of the current study agreed 

with the results of Yamini et al., which 

indicated that the level of cTnT was 

significantly increased in the serum of 

patients with atherosclerosis compared to 

healthy people, and that the predictive and 

diagnostic result of cTnT function may be 

an important marker of myocardial 

physiology 
[30]

 .The high level of cTnT in 

the serum of patients is attributed to the 

occurrence of necrosis in the heart muscle 

due to insufficient blood flow, and the 

lack of oxygen as a result of blockage of 

one of the coronary arteries feeding the 

heart muscle cells, so the part that is fed 

by this blocked artery dies in what is 

known as infarction 
[31]

 .After injury, 

cTnT, cTnI, is released into the circulation 

due to its tight binding to the thin, 

insoluble filaments of the myocardium 
[32]

, cTnT is slowly released into the 

circulation after injury 
[33]

 ,and often 

remains elevated for days to weeks 
[34]

. 

However, it was observed that cTnT 

reaches peak concentrations lower than 
[35]

 

cTnI. cTn is one of the most important 

diagnostic markers for heart muscle 

damage, but it can be elevated in other 

cases, including diabetes, because it 

affects the inner lining of blood vessels 

and their diameter, leading to 

calcifications within the walls, and as a 

result, atherosclerosis develops 
[36]

. 

Lipid profile 

The results shown in Table (1) showed a 

significant increase in the level of total 

cholesterol (TC) in the serum of patients 

with atherosclerosis (215.2 ± 8.9 mg/dl) 

compared to healthy people (165.1 ± 11.2 

mg/dl) at the level of probability P ≤ 

0.001 as shown in the figure (5). 

 

 

 

Figure (5): TC level (mg/dl) in the serums patients compared to control group. 
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The results shown in Table (1) showed a 

significant increase at the probability level 

(P ≤ 0.0007)) in the level of triglycerides 

(TG) in the serum of patients with  

atherosclerosis (200.9 ± 3.6 mg/dl) 

compared to control group (100.9 ± 4.0 

mg/dl) as shown. In Figure (6). 

 

 

Figure (6): TG level (mg/dl) in the serums patients compared to control group. 

Also, the results shown in Table (1) 

showed a significant decrease at the level 

of probability (P ≤ 0.0004) in the level of 

(HDL-C) in the sera of patients with 

atherosclerosis (20.69 ± 0.47 mg/dl) 

compared to control group (31.61 ± 1.0 

mg/dl). dl) as shown in Figure (7). 

 

Figure (7): HDL-C level (mg/dl) in the serums patients compared to control group. 

The results shown in Table (1) showed a 

significant increase at the level of 

probability (P ≤ 0.01) in the level of 

(LDL-C) in the serum of patients with 

atherosclerosis (169.72 ± 1.9 mg/dl) 

compared to control group (82.9 ± 2.9 

mg/dl) as well. Shown in Figure (8). 
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Figure (8): LDL-C level (mg/dl) in the serums patients compared to control group. 

 

The results shown in Table (1) showed a 

significant increase at the level of 

probability (P ≤ 0.0006) in the level of 

(VLDL-C) in the sera of patients with 

atherosclerosis (40.28 ± 0.69 mg/dl) 

compared to control group (21.36 ± 1.1 

mg/dl).as shown in Figure (9). 

 

 
 

Figure (9): VLDL-C level (mg/dl) in the serums patients compared to control group. 
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activity of the enzyme acetylcholesterol 

0

50

100

150

200

Patients Control

169.72 

82.9 
L

 D
 L

  

L D L  

0

10

20

30

40

50

Patients Control

40.28 

21.36 

V
 L

 D
 L

  

V L D L  



Tikrit Journal of Pharmaceutical Sciences 2023; 17(2):49-63   
 

58 
 

transferase, which is responsible for the 

absorption of cholesterol in the intestine 
[42]

. In addition to increasing its synthesis 

internally in the intestine, the 

consumption of meals rich in saturated 

fats has a role in raising levels of TC 
[43]

. 

The accumulation of cholesterol under the 

endothelial layer of the artery eventually 

leads to the collapse of the inner lining, 

which leads to clogging of the arteries and 

blood clots over the ulcerated area, which 

leads to clogging of the coronary or 

cerebral vessels 
[44]

. On the other hand, 

cholesterol is transported from plasma and 

extracellular fluids in the human body. By 

special transport molecules including 

lipoproteins, lipoproteins transport it from 

the original tissue to the site The target, 

and any imbalance in the metabolism of 

lipoproteins causes an increase in 

cholesterol concentrations, so HDL-C 

plays an important role in maintaining 

normal cholesterol levels by transferring 

excess concentrations in body cells to the 

liver, and thus reducing cholesterol in 

blood vessels, and its deposition is 

considered one of the reasons major 

diseases of atherosclerosis
[45]

.  In regards 

to a decrease in the level of HDL-C in the 

blood, this could be attributed to an 

increase in TG and TC as an increase in 

these variables decreases the efficiency of 

HDL-C in transporting TC from tissues to 

the liver [46] and is often associated with 

low levels of HDL- C in the blood is 

associated with a risk of CVD [47]. The 

distinctive role of HDL-C molecules as 

anti-atherosclerotic extends to being anti-

inflammatory, anticoagulant and 

antioxidant 
[48]

. It is possible that the high 

levels of LDL-C in the blood can be 

attributed to an increase in the amount of 

TC in the diet that is eaten, which leads to 

a decrease in its efficiency in transporting 

cholesterol from the liver to the tissues, 

which leads to its accumulation in it. 

When LDL receptors are inhibited, this 

will lead to the accumulation of LDL 

particles. in a high concentration in the 

blood, and then deposited on the artery 

wall, causing atherosclerosis 
[49]

. Oxidized 

LDL-C promotes the expression of pro-

inflammatory genes, which leads to 

mobilize of monocytes in the vessel wall 

causing vascular endothelial cell 

dysfunction 
[50]

, Research indicates that 

oxidized LDL-C is endothelial cytotoxic, 

due to its generation of free radicals, and 

it impairs nitric oxide synthase gene 

expression and activity 
[51]

. It is possible 

that the high levels of VLDL-C in the 

serum of patients with atherosclerosis can 

be attributed to an increase in the 

synthesis of this type of lipoprotein and a 

decrease in its removal from the plasma, 

and an increase in the levels of TC in the 

liver leads to an increase in the level of 

VLDL-C that affects the regulation of the 

secretion of this lipoprotein from The 

liver 
[52]

, and its high levels may be 

attributed to a defect in the function of 

LPL, which converts TG to FA, which 

permeates cell membranes for the purpose 

of creating IDL-C, which quickly turns 

into LDL-C, which increases the risk of 

CVD diseases 
[53]

. 

Study of the effect of the prepared 

vanillin derivative on the activity of 

aryl esterase from the serum of patients 

with atherosclerosis: 

The activity of aryl esterase was measured 

using different concentrations of the 

vanillin derivative, which was prepared 

(E)-N-(4-hydroxy-3-methoxybenylidene)-

2-hydroxybenzohydrazide) after dilution, 

as an increase in the enzyme activity was 

observed with an increase in the 

concentration of the prepared derivative. 

It is shown in table (2) below, and this is 

consistent with previous studies that were 

conducted on mice with 

hypercholesterolemia, by treating them 

with a phenolic substance after diluting it, 

as it was observed that the activity of aryl 

esterase increased in the mice that were 

treated compared with the mice that were 

not treated with the substance. Phenolic 

compounds are considered antioxidants 
[54]

 that sweep away free radicals in the 

body and thus reduce the symptoms of 

diseases resulting from low activity of 

PON1, including atherosclerosis
 [55][56]

.  
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Table (2): Shows the effect of the prepared compound on the activity of aryl esterase (Normal 

Value = 130.91 U/L).

COMPOUND 

NAME 

Concentration 

(mg/mL) 
Activity % of Activarion 

Compound 1 

500 339.34 259 

50 310.54 237 

5 278.91 213 

0.5 248.04 189 

0.05 189.47 144 

0.005 167.32 127 

0.0005 151.58 115 

 

Conclusion         
This study conclude that the increased 

aryl esterase activity against increasing 

the concentration of the prepared vanillin 

derivative. On the other hand, decreased 

level of aryl esterase, HDL and increased 

level of (cTnT, TG, VLDL, LDL) in 

patients with atherosclerosis compared to 

healthy people.   

 

References  

[1] M. Dichgans, S. L. Pulit, and J. 

Rosand, “Stroke genetics: 

discovery, biology, and clinical 

applications,” Lancet Neurol., 

2019, 18(6) pp. 587–599. 

[2] O. Soehnlein and P. Libby, 

“Targeting inflammation in 

atherosclerosis—from experimental 

insights to the clinic,” Nat. Rev. 

Drug Discov., 2021 20(8), pp. 589–

610,. 

[3] E. A. Bohula et al., “Inflammatory 

and cholesterol risk in the 

FOURIER trial,” Circulation, 2018 

vol. 138, no. 2, pp. 131–140. 

[4] P. Libby, “The changing landscape 

of atherosclerosis,” Nature,2021 

vol. 592, no. 7855, pp. 524–533. 

[5] X. Que et al., “Oxidized 

phospholipids are proinflammatory 

and proatherogenic in 

hypercholesterolaemic mice,” 

Nature, 2018, vol. 558, no. 7709, 

pp. 301–306. 

[6] A. Gąsecka, S. Rogula, Ł. Szarpak, 

and K. J. Filipiak, “LDL-

cholesterol and platelets: insights 

into their interactions in 

atherosclerosis,” Life, 2021, vol. 

11, no. 1, p. 39. 

[7] I. G. Ghanim and N. I. Abo, 

“Evaluation of the Effectiveness of 

some Enzymes and Lipids in the 

Blood of Patients with 

Atherosclerosis,” Coll. Basic Educ. 

Res. J., 2023, vol. 19, no. 1, pp. 

861–875. 

[8] L. F. Larsen, P. Marckmann, E.-M. 

Bladbjerg, P. B. Østergaard, J. 

Sidelmann, and J. Jespersen, “The 

link between high-fat meals and 

postprandial activation of blood 

coagulation factor VII possibly 

involves kallikrein,” Scand. J. Clin. 

Lab. Invest., 2000, vol. 60, no. 1, 

pp. 45–54. 

[9] N. J. Walton, M. J. Mayer, and A. 

Narbad, “Vanillin,” 

Phytochemistry, 2023, vol. 63, no. 

5, pp. 505–515. 

[10] A. Tai, T. Sawano, F. Yazama, and 

H. Ito, “Evaluation of antioxidant 

activity of vanillin by using 

multiple antioxidant assays,” 

Biochim. Biophys. Acta (BBA)-



Tikrit Journal of Pharmaceutical Sciences 2023; 17(2):49-63   
 

60 
 

General Subj., 2011, vol. 1810, no. 

2, pp. 170–177. 

[11] D. J. Fitzgerald, M. Stratford, and 

A. Narbad, “Analysis of the 

inhibition of food spoilage yeasts 

by vanillin,” Int. J. Food 

Microbiol., 2003, vol. 86, no. 1–2, 

pp. 113–122. 

[12] Y. K. Vaghasiya, R. Nair, M. Soni, 

S. Baluja, and S. Shanda, 

“Synthesis, structural determination 

and antibacterial activity of 

compounds derived from vanillin 

and 4-aminoantipyrine,” J. Serbian 

Chem. Soc., 2004, vol. 69, no. 12, 

pp. 991–998. 

[13] S. Rakchoy, P. Suppakul, and T. 

Jinkarn, “Antimicrobial effects of 

vanillin coated solution for coating 

paperboard intended for packaging 

bakery products.,” Asian J. Food 

Agro-Industry, 2009, vol. 2, no. 4, 

pp. 138–147. 

[14] H. Imanishi et al., “Suppression of 

6-TG-resistant mutations in V79 

cells and recessive spot formations 

in mice by vanillin,” Mutat. Res. 

Lett., 1990, vol. 243, no. 2, pp. 

151–158. 

[15] T. Ohta, M. Watanabe, K. 

Watanabe, Y. Shirasu, and T. Kada, 

“Inhibitory effects of flavourings 

on mutagenesis induced by 

chemicals in bacteria,” Food Chem. 

Toxicol., 1386, vol. 24, no. 1, pp. 

51–54. 

[16] K. Ho, L. S. Yazan, N. Ismail, and 

M. Ismail, “Apoptosis and cell 

cycle arrest of human colorectal 

cancer cell line HT-29 induced by 

vanillin,” Cancer Epidemiol., 2009, 

vol. 33, no. 2, pp. 155–160. 

[17] T. T. M. Nguyen, A. Iwaki, Y. 

Ohya, and S. Izawa, “Vanillin 

causes the activation of Yap1 and 

mitochondrial fragmentation in 

Saccharomyces cerevisiae,” J. 

Biosci. Bioeng., 2014, vol. 117, no. 

1, pp. 33–38. 

[18] B. B. Surjadinata and L. Cisneros-

Zevallos, “Biosynthesis of phenolic 

antioxidants in carrot tissue 

increases with wounding intensity,” 

Food Chem., 2012, vol. 134, no. 2, 

pp. 615–624. 

[19] F. Beaudry, A. Ross, P. P. Lema, 

and P. Vachon, “Pharmacokinetics 

of vanillin and its effects on 

mechanical hypersensitivity in a rat 

model of neuropathic pain,” 

Phyther. Res. An Int. J. Devoted to 

Pharmacol. Toxicol. Eval. Nat. 

Prod. Deriv., 2010, vol. 24, no. 4, 

pp. 525–530. 

[20] S. Anamika and P. Chaturvedi, 

“Review on Schiff bases,” World J. 

Pharm. Sci.,2021, pp. 133–140. 

[21] J. Ding, Q. Chen, X. Zhuang, Z. 

Feng, L. Xu, and F. Chen, “Low 

paraoxonase 1 arylesterase activity 

and high von Willebrand factor 

levels are associated with severe 

coronary atherosclerosis in patients 

with non-diabetic stable coronary 

artery disease,” Med. Sci. Monit. 

Int. Med. J. Exp. Clin. Res., 2014, 

vol. 20, p. 2421. 

[22] M. Muller-Bardorff et al., 

“Quantitative bedside assay for 

cardiac troponin T: a 

complementary method to 

centralized laboratory testing,” 

Clin. Chem., 1999, vol. 45, no. 7, 

pp. 1002–1008. 

[23] A. T. Remaley, N. Rifai, R. 

Warnick, C. A. Burtis, E. R. 

Ashwood, and D. E. Bruns, “Tietz 

textbook of clinical chemistry and 

molecular diagnostics,” 2012. 

[24] G. M. Kostner, “Enzymatic 

determination of cholesterol in 

high-density lipoprotein fractions 

prepared by polyanion 

precipitation.,” Clin. Chem., 1976, 



Tikrit Journal of Pharmaceutical Sciences 2023; 17(2):49-63   
 

61 
 

vol. 22, no. 5, p. 695. 

[25] F. T. Fischbach and M. B. 

Dunning, A manual of laboratory 

and diagnostic tests. Lippincott 

Williams & Wilkins, 2009. 

[26] W. T. Friedewald, R. I. Levy, and 

D. S. Fredrickson, “Estimation of 

the concentration of low-density 

lipoprotein cholesterol in plasma, 

without use of the preparative 

ultracentrifuge,” Clin. Chem., 1972, 

vol. 18, no. 6, pp. 499–502. 

[27] M. Rosenblat, R. Karry, and M. 

Aviram, “Paraoxonase 1 (PON1) is 

a more potent antioxidant and 

stimulant of macrophage 

cholesterol efflux, when present in 

HDL than in lipoprotein-deficient 

serum: relevance to diabetes,” 

Atherosclerosis, 2006, vol. 187, no. 

1, pp. 74-e1. 

[28] M. Zuin et al., “Paraoxonase-1 

(PON-1) Arylesterase Activity 

Levels in Patients with Coronary 

Artery Disease: A Meta-Analysis,” 

Dis. Markers, vol. 2022, 2022. 

[29] M. Dirican, R. Akça, E. Sarandol, 

and K. Dilek, “Serum paraoxonase 

activity in uremic predialysis and 

hemodialysis patients.,” J. 

Nephrol., 2004, vol. 17, no. 6, pp. 

813–818. 

[30] N. Yamini, B. Gopalakrishnan, R. 

Selvam, and D. Saravanan, 

“Troponin-T as a prognostic and 

diagnostic marker for myocardial 

infarction,” GSC Biol. Pharm. Sci., 

2021, vol. 14, no. 1, pp. 95–100. 

[31] K. Thygesen and A. S. Jaffe, 

“Should myocardial infarction type 

2 be regarded as two separate 

entities?,” Eur. Heart J., 2019. 

[32] M. Roffi et al., “2015 ESC 

Guidelines for the management of 

acute coronary syndromes in 

patients presenting without 

persistent ST-segment elevation,” 

Kardiol. Pol. (Polish Hear. 

Journal), 2015, vol. 73, no. 12, pp. 

1207–1294. 

[33] K. Starnberg, A. Jeppsson, B. 

Lindahl, and O. Hammarsten, 

“Revision of the troponin T release 

mechanism from damaged human 

myocardium,” Clin. Chem., 2014, 

vol. 60, no. 8, pp. 1098–1104. 

[34] H. A. Katus, K. W. Diederich, F. 

Schwarz, M. Uellner, T. Scheffold, 

and W. Kübler, “Influence of 

reperfusion on serum 

concentrations of cytosolic creatine 

kinase and structural myosin light 

chains in acute myocardial 

infarction,” Am. J. Cardiol., 1987, 

vol. 60, no. 7, pp. 440–445. 

[35] K. Starnberg et al., “A possible 

mechanism behind faster clearance 

and higher peak concentrations of 

cardiac troponin I compared with 

troponin T in acute myocardial 

infarction,” Clin. Chem., 2020, vol. 

66, no. 2, pp. 333–341. 

[36] F. S. Apple, P. O. Collinson, and I. 

T. F. on C. A. of C. Biomarkers, 

“Analytical characteristics of high-

sensitivity cardiac troponin assays,” 

Clin. Chem., 2012, vol. 58, no. 1, 

pp. 54–61. 

[37] Z. Zhong et al., “Serum lipid 

profiles in patients with acute 

myocardial infarction in Hakka 

population in southern China,” 

Lipids Health Dis., 2017, vol. 16, 

no. 1, pp. 1–9. 

[38] M. F. Linton et al., “The role of 

lipids and lipoproteins in 

atherosclerosis,” Endotext 

[Internet], 2019. 

[39] S. S. Gidding and N. B. Allen, 

“Cholesterol and atherosclerotic 

cardiovascular disease: a lifelong 

problem,” Journal of the American 

Heart Association, 2019, vol. 8, no. 



Tikrit Journal of Pharmaceutical Sciences 2023; 17(2):49-63   
 

62 
 

11. Am Heart Assoc, p. e012924. 

[40] H.-Y. Kuang et al., “The efficiency 

of endothelin receptor antagonist 

bosentan for pulmonary arterial 

hypertension associated with 

congenital heart disease: A 

systematic review and meta-

analysis,” Medicine (Baltimore)., 

2018, vol. 97, no. 10. 

[41] M. B. Elam et al., 

“Hypertriglyceridemia and low 

HDL-C predicts fenofibrate 

response in the ACCORD-Lipid 

trial.” Am Heart Assoc, 2010. 

[42] I. B. SAMPLES, “Serial Review: 

Flavonoids and Isoflavones 

(Photoestrogens): Absorption, 

Metabolism, and Bioactivity,” Free 

Radic. Biol. Med, 2004, vol. 37, pp. 

1324–1350. 

[43] L. Magri‐ Tomaz et al., “Two 

weeks of high‐ fat feeding disturb 

lipid and cholesterol molecular 

markers,” Cell Biochem. Funct., 

2018, vol. 36, no. 7, pp. 387–393. 

[44] D. Christos, R. George, R. Xanthi, 

P. Sotiria, M. Varvara, and H. 

Christos, “A cross sectional study 

on knowledge, attitudes, and 

practices of Greek cardiologists 

towards screening 

recommendations for 

cardiovascular diseases,” Int. Res. 

J. Public Environ. Heal., 2017. 

[45] R. Stocker and J. F. Keaney Jr, 

“Role of oxidative modifications in 

atherosclerosis,” Physiol. Rev., 

2004, vol. 84, no. 4, pp. 1381–

1478. 

[46] M. Shaikh et al., “Quantitative 

studies of transfer in vivo of low 

density, Sf 12-60, and Sf 60-400 

lipoproteins between plasma and 

arterial intima in humans.,” 

Arterioscler. Thromb. a J. Vasc. 

Biol., 1991, vol. 11, no. 3, pp. 569–

577. 

[47] S. Mora, J. E. Buring, P. M. 

Ridker, and Y. Cui, “Association of 

high-density lipoprotein cholesterol 

with incident cardiovascular events 

in women, by low-density 

lipoprotein cholesterol and 

apolipoprotein B100 levels: a 

cohort study,” Ann. Intern. Med., 

2011, vol. 155, no. 11, pp. 742–

750. 

[48] L. B. Abbass, “Evaluation of serum 

C-reactive protein and lipid profile 

in patients with myocardial 

infarction,” Zanco J. Med. Sci. 

(Zanco J Med Sci), 2018, vol. 22, 

no. 3, pp. 349–354. 

[49] K. T. Patton and G. A. Thibodeau, 

Anthony’s Textbook of Anatomy & 

Physiology-E-Book. Elsevier 

Health Sciences, 2018. 

[50] M. Janabi et al., “Oxidized LDL–

induced NF-κB activation and 

subsequent expression of 

proinflammatory genes are 

defective in monocyte-derived 

macrophages from CD36-deficient 

patients,” Arterioscler. Thromb. 

Vasc. Biol., 2000, vol. 20, no. 8, pp. 

1953–1960. 

[51] D. Li and J. L. Mehta, “Antisense 

to LOX-1 inhibits oxidized LDL–

mediated upregulation of monocyte 

chemoattractant protein-1 and 

monocyte adhesion to human 

coronary artery endothelial cells,” 

Circulation, 2000, vol. 101, no. 25, 

pp. 2889–2895. 

[52] E. Galkina and K. Ley, “Immune 

and inflammatory mechanisms of 

atherosclerosis,” Annu. Rev. 

Immunol., 2009, vol. 27. 

[53] K.-Z. Liu, R. A. Shaw, A. Man, T. 

C. Dembinski, and H. H. Mantsch, 

“Reagent-free, simultaneous 

determination of serum cholesterol 

in HDL and LDL by infrared 

spectroscopy,” Clin. Chem., 2002, 

vol. 48, no. 3, pp. 499–506. 



Tikrit Journal of Pharmaceutical Sciences 2023; 17(2):49-63   
 

63 
 

[54] M. Scipioni, G. Kay, I. Megson, 

and P. K. T. Lin, “Novel vanillin 

derivatives: Synthesis, anti-oxidant, 

DNA and cellular protection 

properties,” Eur. J. Med. Chem., 

2018, vol. 143, pp. 745–754. 

[55] M. R. Takaeidi et al., “The effect of 

date seed (Phoenix dactylifera) 

extract on paraoxonase and 

arylesterase activities in 

hypercholesterolemic rats,” 

Jundishapur J. Nat. Pharm. Prod., 

2014, vol. 9, no. 1, pp. 30–34. 

[56] O. Rozenberg, M. Rosenblat, R. 

Coleman, D. M. Shih, and M. 

Aviram, “Paraoxonase (PON1) 

deficiency is associated with 

increased macrophage oxidative 

stress: studies in PON1-knockout 

mice,” Free Radic. Biol. Med., 

2003, vol. 34, no. 6, pp. 774–784. 

 

 

 

 

 

                                                      


