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ABSTRACT

Cardiovascular diseases (CVDs) are the major health problem globally and considered to be the
leading causes of death. The prevalence of CVDs is also rising among the adults in Bangladesh
with the highest mortality rates. This study aimed to determine the serum Paraoxonase activity,
lipid peroxidation product malon dialdehyde (MDA), and vitamin C status in subjects with
cardiovascular diseases and to compare with apparently healthy subjects of Bangladeshi origin.
In this case-control study, 34 male subjects from cardiac intervention and surgery (CIS) with an
indication of angina, myocardial infarction, stroke and age, and body mass index-matched 24
apparently healthy males (controls) were included. Clinical and anthropometric data were
recorded, and biochemical parameters were measured from serum samples. Serum Paraoxonase
activity, MDA, and vitamin C concentrations were measured by standard spectrophotometric
method. The mean age and body mass index (BMI) of the total subjects were 49+13 years and
22.6 + 2.9 kg/m?, respectively. Serum Paraoxonase activity was significantly lower in subjects
with CIS compared to control (113.7 + 54 vs. 194.9+95 U/L, p=0.005). Serum MDA in CIS
group was 7.7 £ 0.3 umol/L and 6.6 + 0.4 umol/L in control group (p=0.0467). The mean values
of serum vitamin C in CIS and control were 22.3 + 4.4 and 24.8 £ 5.1 pmol/L, respectively.
Vitamin C level was significantly lower in the CIS group compared to control (p = 0.057).
Results of this study indicated that oxidative stress and loss of anti-atherogenic function of high-
density lipoprotein particles Paraoxonase might be associated with cardiovascular diseases in
subjects of Bangladeshi origin.
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INTRODUCTION
Cardiovascular diseases are the leading

cause of death in the world, which include
cardiac arrhythmias, stroke, coronary artery
disease, and heart failure, and the incidence
of this disease is increasing alarmingly in
Bangladesh as well, but its determinants are
not fully resolved [1, 2]. In 2016, the World
Health Organization (WHO) reported about
18 million people had died from
cardiovascular diseases (CVDs), which
represented 31% of global death in this
particular year [3]. In past vyears, the
prevalence of CVDs among Bangladeshi
peoples also significantly raised and the
death associated with CVDs alarmingly
increased [4]. Moreover, the expected
mortality projection rate related to CVDs in
Bangladesh will be 21 times higher in 2025
compared to the rate was in 2003 [5].

Oxidative stress is one of the reasons behind
CVDs; it mainly happens due to the
imbalance between the generations of
reactive oxygen species (ROS) and
scavenging capacity of antioxidants. An
increasing number of studies have found,
ROS has a role in the pathogenesis of
premature aging as well as numerous
diseases like CVDs [6-8]. Although the

mechanism of oxidative stress contributing
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to CVDs remain obscure. However, a
growing body of shreds of evidence
observed the increased formation of ROS
contributed oxidative stress [9, 10]. Besides,
Vitamin C has received considerable
attention due to its powerful antioxidant
properties [11, 12]. It is well established that
vitamin C inhibits oxidation of low-density
lipoprotein, thereby reducing atherosclerosis
[13]. Also, the levels of Vitamin C related to
CVDs-related mortality, patients having less
serum vitamin C are more prone to mortality
from stroke [14, 15]. On the other hand,
dietary supplementation of Vitamin C
reduced CVDs-related difficulties and
increased in serum vitamin C functioned as

cardio protective [15, 16].

Moreover, Paraoxonase (PON) is a group of
enzymes present in three forms (PONL,
PON2, PON3) encoded by genes PONL1,
PON2, and PON3 [17]. These enzymes are
homologous and HDL related proteins
produced by the liver. Each of them has a
vital role in human physiology, and they act
as anti-inflammatory, antioxidant, and a
thermo protective [18]. For example, PON1
can reduce oxidative stress in lipoprotein,
PON2 function as a cellular antioxidant, and
PON prevents LDL oxidation [19, 20].
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Thus, this phenomenon could be related to
their anti-oxidative properties, and PON
may have essential roles in protecting
CVDs.

Therefore, emerging evidence suggests that
oxidative stress, antioxidant, and
paraoxonase may have a role in
cardiovascular diseases. To understand the
relationship, we determined the serum Lipid
peroxidation by  measuring  Malon
dialdehyde (MDA), which is an important
product of oxidative stress and widely
recognized as a biomarker of oxidative
related damage [21], antioxidant (vitamin C)
level, and serum paraoxonase activity of
patients and healthy controls. Our data
suggest that oxidative stress and loss of
protective function of HDL particles may be
associated with cardiovascular diseases in

subjects of Bangladeshi origin.

METHODS AND MATERIALS
Subjects and Study Design

The case-control study was conducted on 34
male subjects from cardiac intervention and
surgery (CIS) with an indication of angina,
myocardial infarction, and stroke, and 24
number of healthy control groups. The case
subjects were randomly recruited with
consents from the National Institute of
Cardiovascular Diseases (NICVD), Sher-e-
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Bangla Nagar, Dhaka under a protocol
jointly approved by the participating
institutions. Healthy controls were recruited
randomly matched with age, sex, and BMI.

Samples Collection and Storage

About 5 mL of venous blood was collected
from each of the CIS patients and the control
subjects by following all aseptic precautions.
Immediately, the drawn blood sample was
transferred to a vacuum tube. The collected
specimens were kept at 25°C for clotting,
followed centrifuged for 10 minutes at 3000
RPM. Serum was then transferred with
micropipette taking care of not taking any
red cell in micro centrifuge tubes and was

stored at -20°C until analysis.

Determination of serum PON activity

Paraoxonase  activity was  measured
according to the modified method by
Eckerson et al. [22] as aryl esterase activity
and expressed in international units (U) per
milliliter of serum and 1 U will correspond
to the quantity of enzyme that hydrolyzes 1
umol of 4-nitrophenyl acetate to 4-
nitrophenol per minute, at pH 7.4 and 37°C.
Briefly, 2 puL of serum was added to 248 puL
of 25 mM Tris-HCI buffer (pH 7.4)
containing 1.0 mM CacClz, 2.5% methanol
and 0.625 mM 4-nitrophenyl acetate. The

rate of generation of 4-nitrophenol was
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determined at 405 nm using micro plate
ELISA reader in kinetic mode. Results were
calculated using molar absorptivity at pH
7.4, g405 = 14000 M1cm™[22].

Determination of Lipid peroxidation of
serum

Lipid peroxidation was estimated by the
method of Siddique et al. [23]. Eleven (11)
uL of 500 mM butylated hydroxyl toluene
(BHT) was added in each micro centrifuge
tube in which 210 pL serum or standard was
taken, then nine pL of 35% HCI was added
and mixed and incubated at 60 °C for 80
minutes. After incubation, all tubes were
cooled at room temperature, and 680 pL of
N, N-dimethyl -phenyl indole (NMPI) was
added and mixed. After centrifugation at
12,000 rpm for 5 minutes, 660 pL of clear
supernatant was transferred to new tubes,
and 115 pL of concentrated HCI was added,
mixed, and incubated at 45°C for 1 hour.
After incubation, centrifuged at 12,000 rpm
for 5 minutes, and the absorbance of clear
supernatant was recorded at 590 nm. Results
were calculated against the standard curve
[23].

Determination of Serum Vitamin-C
Vitamin-C concentration in the serum was
estimated by the  phenyl-hydrazine

spectrophotometry method of Lowry et al.
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[24]. For measurement purposes, 300 ul
serum and 1.2 ml TCA (Trichloroacetic
Acid Solution) solution were taken in a test
tube, mixed gently with a pipette, and
centrifuged at 3000 rpm for 10 minutes.
After centrifugation, clear 0.96 ml
supernatant was taken and treated with 0.4
ml DTC (Dinitrophenylhydrazine-Thiourea-
Copper Sulphate) solution and incubated at
60°C for 60 minutes in a water bath.
Followed, immediately sample was placed
in ice-cold water for chilling. The whole
procedure was repeated for 0.3 ml of the
standard solution of ascorbic acid, and for
reagent blank and absorbance was taken
against reagent blank at 520 nm [24].

Statistical Analysis

Continuous variables were presented as
mean and standard deviation, and the results
of categorical measurements were presented
in number (%). Significance was assessed at
a 5 % level of significance. Student’s’ test
(two-tailed, independent) was used to find
the significance of the study parameter using
MedCalc® 11.2, and graphical presentations
were made by GraphPad Prism 6.01.

RESULTS
Demographic Characteristics

The demographic characteristics and clinical

examination information of participants are
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given in Table 1. All the participants were
males. 34 male case subject’s mean age was
51 £ 12 years, and the mean age of twenty
24 controls group were 48 + 14 years. The
mean BMI of the case and control group was
22.3 + 2.9 Kg/m? and 23.1+ 2.9 Kg/m?
respectively. Fisher exact test showed that
hypertension is strongly associated with

DOI- 10.22270/jmpas.v9i1.891

CVD events [OR=8.3 (95% ClI: 2.5 - 27.6)
with relative risk of 2.4 (95% CI: 1.4 - 4.2);
p<0.001] but diabetes mellitus is not
associated with CVD events [OR=1.1 (95%
Cl: 0.3 - 3.6); p =1.00]. Smoking tends to be
associated with CVD events [OR=3.1 (95%
Cl: 1.0 - 9.3) with relative risk of 1.6 (95%
Cl: 1.0 - 24); p = 0.0617] (Table: 1)

Table 1: Demographic data as well as clinical and laboratory findings in patients with AS

and healthy controls

Variables Case Control P-value
(n=34) (n=24)
Age (years) 51+12 48 + 14 0.4324
Gender (Male) 34 24 -
BMI (kg/m?) 223129 23.1+2.9 0.3611
Unstable angina (Yes/No) 29/5 0/24 -
Myocardial Infarction (Yes/No) 20/14 0/24 -
Stroke (Yes/No) 2717 0/24 -
Hypertension (Yes/No) 25/9 6/18 <0.001%
Diabetes Mellitus (Yes/No) 9/25 6/18 1.008
Smoker (Yes/No) 19/15 7117 0.06178

BMI, Body Mass Index; Data presented as Mean+SD; Variables between case and control were
compared by unpaired t-test; p<0.05 was considered as statistically significant. ® Fisher exact

test.
Serum MDA Level

In this study, serum MDA was considerably
higher in the CIS group compared to the
control group, and it was statistically
significant (Figure: 1A). The serum MDA
level was in CIS group was (7.7 + 0.3
umol/L) and (6.6 £ 0.4 umol/L) in control
group, respectively with the significant
value of (P=0.0467).

Serum Vitamin-C

The serum vitamin C level was significantly
lower in the CIS group compared to control,
but it was not statistically significant
(Figure : 1B). We found the serum Vitamin-
C levels were 22.3 + 4.4umol/L in the case
group and 24.8 + 5.1 pumol/L in control
healthy group. However, it was not

statistically significant (p = 0.057).

Journal of Medical Pharmaceutical and Allied Sciences, V 9-1 1, 891. March-April 2020, 2381-2390

2385


http://www.jmpas.com/

Internationally powered by www.jmpas.com

A 15+ B 401
~ p=0.0467 = 304
= 10- g
s H
— [=]
= £
S 5 E
= = 104

0-

Control

(n=24)

Case
(n=34)

Figure 1: Mean serum Vitamin C, MDA,
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person with more serum antioxidant

(Vitamin-c) and serum Paraoxonase activity
are less prone CVDs. However, serum MDA
level tends to be associated with CVDs.
Thus, PON enzyme activity is negatively
associated with CVDs.

Serum PON Activity

The

significantly higher in the control group in

serum paraoxonase activity was

compared with the case group (Figure : 1C).
The significant value was (p=0.005). The
serum PON activity was 113.7 £ 54 U/L in
the patient group, and it was 194.9+95 U/L
in the control group.

Furthermore, an analysis of the results
indicates that paraoxonase activity is highly

related to various cardiac events (Table-2).
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Table 2: Relationship paraoxonase activity with hypertension and CVDs

Variables Spearman’s Rank p-value
the correlation coefficient (p)

CVDs vs. PON activity

Unstable angina -0.312 0.0170
Myocardial Infarction -0.376 0.0036
Stroke -0.355 0.0062
Hypertension vs PON -0.285 0.0302
activity

PON, Paraoxonase; CVDs, Cardiovascular diseases

DISCUSSION
This is the first prospective study of serum

paraoxonase activity and CVDs in
Bangladesh. These findings indicate that low
serum paraoxonase activity is a predictive
risk factor for CVDs with other established
risk factors. It has been proved beyond
doubt that oxidative stress is responsible for
a number of diseases, including
cardiovascular diseases, neurodegenerative
diseases, cancer, and chronic obstructive
pulmonary disease [25]. Antioxidants play
a role in cardiovascular diseases, but the
mechanism of antioxidant action has not yet
been fully elucidated. Furthermore, several
studies suggested, antioxidant therapy and
high serum antioxidant level has beneficial
effects on CVDs [26, 27]. It’s believed that
oxidative stress mainly induces CVDs due to
its product ROS can cause vascular damage

[28]. In our study, the relationship among

antioxidants, oxidative stress, and

paraoxonase activity in  Bangladeshi
cardiovascular patients were investigated.
We found that subjects with CVDs
correlated  with  serum  antioxidants,
oxidative stress, and paraoxonase activity.
Intriguingly, the men have deficient serum
vitamin-C levels prone to oxidative stress,
and high vitamin-c may be beneficial. In
different Randomized controlled trials also
revealed  vitamin-c  could  improve
endothelial function, which is protective in
CVDs [29].In this study, CVDs have higher
MDA levels in compared to the control
group, which was similar to other studies,
like Nakkeeran et al. also found CVDs
patients have a higher MDA level than
healthy controls [30]. We also found a
substantial difference in serum paraoxonase
activity between CVDs group and control

group. The subjects with CIS had less
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paraoxonase activity in comparison with the
control healthy group. Notably, Notably,
patients with a preexisting disease or other
CVDs risk factors have less paraoxonase
activity [31]. Another study has found
paraoxonase is a strong prognostic factor
among patients with  arteriosclerosis;
patients having favorable paraoxonase
activity had a better prognosis [32]. Studies
in mice also suggested that PON1 knockout
mice show a high level of oxidative stress
compared to normal, and their HDL not able
to protect LDL from oxidation [33, 34].
Besides, paraoxonase also has beneficial
effects as an antioxidant in cancer [35].
Therefore, our finding indicated that
paraoxonase activity was a more potent
prognostic factor in the men at risk of

cardiovascular diseases in Bangladesh.

CONCLUSION
Oxidative stress and low serum paraoxonase

activity are associated with cardiovascular
diseases in subjects of Bangladeshi origin.
Paraoxonase activity may serve as a new
prognostic biomarker for patients with
cardiovascular diseases, and a high level of
paraoxonase  activity may serve as

protective.

DOI- 10.22270/jmpas.v9i1.891

REFERENCES

1. Stoney CM, Kaufmann PG, Czajkowski
SM.I.  2018. Cardiovascular disease:
Psychological, social, and behavioral
influences: Introduction to the special
issue. Am Psychol; 73(8):949-54.

2. Chowdhury MZI, Haque MA, Farhana
Z, et all. 2018. Prevalence of
cardiovascular disease among
Bangladeshi  adult  population: a
systematic review and meta-analysis of
the studies. Vasc Health Risk
Manag;14:165-81.

3. World Health Organization, 2017.
[webpage on the Internet].
Cardiovascular ~ Diseases  (CVDs)..
Accessed November 3, 2018.

4. Saquib N, Saquib J, Ahmed T, et al.l.
2012. Cardiovascular diseases and type 2
diabetes in Bangladesh: a systematic
review and meta-analysis of studies
between 1995 and 2010. BMC Public
Health;12:434.

5. Sayeed MA, Mahtab H, Khanam PA, et
al.l. 2005. Diabetes and hypertension in
pregnancy in a rural community of
Bangladesh: a population-based study.
Diabet Med;22(9):1267-71.

6. Briasoulis A, Tousoulis D, Antoniades
C, et al.l. 2009. The oxidative stress
menace to coronary vasculature: any
place for antioxidants? Curr Pharm
Des;15(26):3078-90.

7. Favero G, Paganelli C, Buffoli B, et al.l.
2014. Endothelium and its alterations in
cardiovascular  diseases: life  style
intervention. Biomed Res
Int;2014:801896.

8. Nair N, Gongora E.l. 2017. Oxidative
Stress and Cardiovascular Aging:

Journal of Medical Pharmaceutical and Allied Sciences, V 9-1 1, 891. March-April 2020, 2381-2390

2388


http://www.jmpas.com/

Internationally powered by www.jmpas.com

10.

11.

12.

13.

14.

15.

16.

Interaction Between NRF-2 and ADMA.
Curr Cardiol Rev;13(3):183-8.

Dhalla NS, Temsah RM, Netticadan T.I.
2000. Role of oxidative stress in
cardiovascular diseases. J
Hypertens;18(6):655-73.

Siti HN, Kamisah Y, Kamsiah J.I. 2015.
The role of oxidative stress, antioxidants
and vascular inflammation in
cardiovascular disease (a review).
Vascul Pharmacol;71:40-56.

He FJ, Nowson CA, Lucas M, et al.l.
2007. Increased consumption of fruit and
vegetables is related to a reduced risk of
coronary heart disease: meta-analysis of
cohort studies. J Hum
Hypertens;21(9):717-28.

Weber C, Erl W, Weber K, et al.l. 1996.
Increased adhesiveness of isolated
monocytes to endothelium is prevented
by vitamin C intake in smokers.
Circulation;93(8):1488-92.

Moser MA, Chun OK.I. 2016Vitamin C
and Heart Health: A Review Based on
Findings from Epidemiologic Studies.
Int J Mol Sci;17(8).

Ascherio A, Rimm EB, Herndn MA, et
al.l. 1999. Relation of consumption of
vitamin E, vitamin C, and carotenoids to
risk for stroke among men in the United
States. Annals of Internal
Medicine;130(12):963-70.

Gale CR, Martyn CN, Winter PD, et al.l.
1995. Vitamin C and risk of death from
stroke and coronary heart disease in
cohort of elderly people.
BMJ;310(6994):1563-6.

Gey K, Stéhelin H, Eichholzer M.I.
1993. Poor plasma status of carotene and
vitamin C is associated with higher

17.

18.

19.

20.

21.

22.

23.

DOI- 10.22270/jmpas.v9i1.891

mortality from ischemic heart disease
and stroke Basel prospective study. The
clinical investigator;71(1):3-6.

Rajkovic MG, Rumora L, Barisic K.I.
2011. The paraoxonase 1, 2 and 3 in
humans. Biochem Med
(Zagreb);21(2):122-30.

Kowalska K, Socha E, Milnerowicz H.I.
2015. Review: The role of paraoxonase
in cardiovascular diseases. Ann Clin Lab
Sci;45(2):226-33.

Rosenblat M, Aviram M.l. 20009.
Paraoxonases role in the prevention of
cardiovascular diseases.
Biofactors;35(1):98-104.

Reddy ST, Wadleigh DJ, Grijalva V, et
al.l. 2001. Human paraoxonase-3 is an
HDL-associated enzyme with biological
activity similar to paraoxonase-1 protein
but is not regulated by oxidized lipids.
Arterioscler Thromb Vasc
Biol;21(4):542-7.

Ayala A, Munoz MF, Arguelles S.I.
2014. Lipid peroxidation: production,
metabolism, and signaling mechanisms
of malondialdehyde and 4-hydroxy-2-
nonenal. Oxid Med Cell Longev,
2014:360438.

Eckerson HW, Romson J, Wyte C, et
al.l.  1983. The human serum
paraoxonase polymorphism:
identification of phenotypes by their
response to salts. Am J Hum
Genet;35(2):214-27.

Siddique YH, Ara G, Afzal M.I. 2012.
Estimation of lipid peroxidation induced
by hydrogen peroxide in cultured human

lymphocytes. Dose-
Response;10(1):dose-response. 10-002.
Siddique.

Journal of Medical Pharmaceutical and Allied Sciences, V 9-1 1, 891. March-April 2020, 2381-2390

2389


http://www.jmpas.com/

Internationally powered by www.jmpas.com

24,

25.

26.

27.

28.

29.

30.

Lowry OH, Lopez JA, Bessey OA.L
1945. The determination of ascorbic acid
in small amounts of blood serum. J Biol
Chem;160:609-15.

Mates JM, Perez-Gomez C, Nunez de
Castro I.I. 1999. Antioxidant enzymes
and human diseases. Clin
Biochem;32(8):595-603.

Cantor EJ, Mancini EV, Seth R, et al.l.
2003. Oxidative stress and heart disease:
cardiac dysfunction, nutrition, and gene
therapy. Curr Hypertens Rep;5(3):215-
20.

Chang CC, Chang YC, Hu WL, et al.l.
2016. Oxidative Stress and Salvia
miltiorrhiza in Aging-Associated
Cardiovascular Diseases. Oxid Med Cell
Longev; 2016:4797102.

Montezano  AC, Dulak-Lis M,
Tsiropoulou S, et al.l. 2015. Oxidative
stress and human hypertension: vascular
mechanisms, biomarkers, and novel
therapies.  Canadian  Journal  of
Cardiology;31(5):631-41.

Ashor AW, Siervo M, Lara J, et al.l.
2015. Effect of vitamin C and vitamin E
supplementation on endothelial function:
a systematic review and meta-analysis of
randomised controlled trials. British
Journal of Nutrition;113(8):1182-94.
Nakkeeran M, Priasamy S, Inmozhi S, et
al.l.  2017. Increased Levels of

31.

32.

33.

34.

35.

DOI- 10.22270/jmpas.v9i1.891

Inflammatory Marker hsCRP, MDA and
Lipid Profile in Non-obese Hypertension
Subjects. Biochem Anal
Biochem;6(339):2161-1009.1000339.
Mackness B, Durrington P, McEIduff P,
et al.l. 2003. Low paraoxonase activity
predicts coronary events in the
Caerphilly Prospective Study.
Circulation;107(22):2775-9.

Singh K, Singh R, Chandra S, et al.l.
2018. Paraoxonase-1 is a better indicator
than HDL of Atherosclerosis - A pilot
study in North Indian population.
Diabetes & metabolic
syndrome;12(3):275-8.

Rozenberg O, Rosenblat M, Coleman R,
et al.l. 2003. Paraoxonase (PONL1)
deficiency is associated with increased
macrophage oxidative stress: studies in
PON1-knockout mice. Free radical
biology & medicine;34(6):774-84.

Shih DM, Gu L, Xia YR, et al.l. 1998.
Mice lacking serum paraoxonase are
susceptible to organophosphate toxicity
and atherosclerosis.
Nature;394(6690):284-7.

Devarajan A, Su F, Grijalva V, et al.l.
2018. Paraoxonase 2 overexpression
inhibits tumor development in a mouse
model of ovarian cancer. Cell death &
disease;9(3):392.

Journal of Medical Pharmaceutical and Allied Sciences, V 9-1 1, 891. March-April 2020, 2381-2390

2390


http://www.jmpas.com/

