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Abstract

Background: In postmenopausal women, partly in relation to advancing age and partly due to estrogen
deficiency, there is increased risk of coronary heart disease (CHD). The oxidation of Low density
lipoprotein (LDL) is centrally involved in the initiation of atherosclerosis which ultimately results in CHD.
Paraoxonase 1 (PONL1) is a major antiatherosclerotic component of High density lipoprotein (HDL) which
retards the oxidation of LDL. This study aimed to evaluate the relation between Paraoxonasel (PON1)
activity and post-menopausal status

Methods: On the basis of consecutive recruitment, 80 women between 20 and 76 years old participated in
the study. Anthropometric indices (waist circumference, Body mass index) and biochemical parameters
(fasting blood glucose, Total cholesterol, Triglyceride, HDL cholesterol and PON1) were measured.
Results: Post-menopausal women in comparison to pre-menopausal women, have significantly low HDL
cholesterol and PON1 activity and significantly increased Triglyceride and VLDL cholesterol. PON1
activity was negatively correlated with age, TC, TG, LDL-C. (r = -0.574, -0.119, -0.226, -0.473
respectively) and positively correlated with HDL-C (r = 0.368). Stepwise multiple regression analysis
demonstrated HDL-C and menopausal status as the best determinant for PON1 (R2 5 0.320, p < 0.05)
Conclusion: The use of PON1 measurement may facilitate a simple parameter to evaluate the risk of CHD
and to work on its secondary prevention.

Introduction

In India nearly 1.5 million people die of CVD
each year. India is suffering from a heavy loss of
productive age group as the total burden of CVD
is increasing. This is expected that by the year
2030 the loss due to CVD rise to 17.9 million
people per year which is 9.4 times greater than
that of USA®. Atherosclerosis is the leading
cause of death in India. Atherosclerosis is a
condition affecting the arterial blood vessels
where multiple plaques form on the arterial wall

that grow in size and eventually reduce the blood
flow. When the involved arteries are that of heart,
it results in coronary heart disease (CHD). Studies
have identified number of risk factors for CHD.
The CVD is the leading cause of mortality in
women being responsible for 5 lacs deaths per
year in USA, which is twice that of deaths due to
cancer. It is also found that coronary artery
disease is the single largest cause of deaths in
postmenopausal women.® There is proven gender
difference in the pattern of CHD, as the incidee of
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CHD is more in Men than women, due to which
for many years it was thought to be a men’s
disease. The onset of CHD is delayed by some
10-15 years in women compared to men; thus
ATP |1l defines age as a risk factor in women at
age 55, compared to age 45 for men®. The
reasons for the disparity in ages of onset of CHD
between women and men are not fully understood.
Nonetheless, patterns of risk factors often differ
between men and women; it is also found that
CHD is the single largest cause of deaths in
postmenopausal women. For example, blood
pressure, LDL cholesterol, and triglycerides, rise
at an earlier age in men than in women.

HDL-cholesterol levels are on average some 10
mg/dl lower in adult men than in women. Since a
10-mg/dL difference in HDL cholesterol is
projected to account for a 20-30 percent
difference in CHD event rates over the short term,
this difference over the adult lifespan could
account for a Significant portion of the gender
disparity between men and women. The
menopausal transition is proved to be associated
with decrease in HDL-C levels®”. Furthermore the
menopause in itself a risk factor for
atherosclerosis having prevalence of atherogenic
lipoprotein profile compared to premenopausal
status®. There is increased prevalence of
hypertension and dyslipidemia after menopause.®
The lipoprotein profile of postmenopausal women
is characterized by increased levels of low density
lipoprotein  (LDL), Lp(a),triglyceride, total
cholesterol, and decreased high density lipoprotein
(HDL)cholesterol levels. Moreover, triglycerides
appear to be an even more powerful and
independent risk factor in women than in men.
The lipoprotein pattern of postmenopausal women
characteristically shows predominance of specific
LDL subclass, small dense LDL (sdLDL). It is
proved that as age advances the level of serum
sdLDL nparticles also increases in women.” A
commonly cited reason for the gender difference
is a protective effect of estrogen in women®?.
Oral estrogens increase HDL cholesterol and
decrease LDL cholesterol. Oral estrogens do not

mimic the physiologic role of endogenous
estrogen, which is released into the systemic
rather than the portal circulation’®. The anti-
atherosclerotic effect of estrogen is probably due
to its beneficial influence on lipid metabolism.
The estrogen has an antioxidant activity. Thus,
after menopause there may be increase in lipid
peroxidation and formation of reactive oxygen
species. This increased oxidative stress may lead
to endothelial injury and increased
lipoproteinoxidation  including HDL. This
ultimately leads to accumulation of oxidized LDL
in the subendothelial space leading to
atherosclerosis™?. The levels of HDL which was
thought to be good cholesterol were proved to
decrease after menopause. This may be the reason
for increased oxidative stress in postmenopausal
women than premenopausal. The decreased HDL
may leads to unopposed oxidation of the LDL and
increased rate of atherosclerosis.The most crucial
anti-atherogenic substance in the body is HDL.
The HDL particles play an important role as
antioxidants. HDL particles prevent LDL
oxidation which is the key step in atherosclerosis.
The antioxidant activity of the HDL is mainly due
to one enzyme, the Paraoxonase 1 (PON1)*?. The
paraoxonases is a family having three distinct
PON genes, designated as PON1, PON2 and PON
3% The PON1 and PON3 are HDL associated
enzymes, while PON 2 is expressed in nearly all
human tissue. PON2 is not associated with HDL.
Among the PON family, PON 1 is the most
studied enzyme. The purified serum PONL1 has a
molecular mass of 43-45 kDa and is a calcium
dependent enzyme. The protection offered by
PON 1 against atherosclerosis is proved as
atherosclerotic lesions reduced in human PON1
transgenic mice™. There are two major and
common polymorphisms found in the PONL1
coding region. First glutamine — arginine substit-
ution at position 192 i.e. (Q192R), and second
leucine — methionine substitution at position 55
leading to (L55M)“®. PON1 plays an important
role in maintaining low oxidative stress and
therefore in the prevention of atherosclerosis™®.

Dr Shyam Khanderao Kulkarni et al JIMSCR Volume 06 Issue 07 July 2018

Page 880




Materials and Methods

Total 80 study subjects were enrolled for the
study. Permission from the ethics committee of
Medical College was taken. Written informed
consent was obtained from all the participants
Fasting blood sample was collected from the
apparently healthy pre-menopausal and post-
menopausal women who were selected from the
relatives visiting the outpatient department (OPD).
Post menopausal women had natural menopause
for at least 1 (one) year. Exclusion criteria were
women with diabetes, Hypertension, smoking
habit, using lipid lowering medicines, hormone
therapy and women showing climacteric
symptoms. Blood was allowed to clot and the
centrifuged for serum separation. Serum Total
cholesterol (TC), High Density Lipoprotein
cholesterol HDL-C), Triglyceride (TG), was
estimated using enzymatic method on smartlab
Auto Analyzer (ERBA Mannheim, Germany).
Serum PON1 activity was measured using the
method described earlier™. The paraoxonase
activity of PON1 was estimated using paraoxon as
substrate. The rate of hydrolysis of paraoxon was
assessed by measuring the liberation of p-
nitrophenol at 405 nm. The basal mixture included
2.0 mmol/L paraoxon and 2.0 mmol/L of Calcium
chloride in 0.1 mol/L Tris-HCL buffer (pH 8.0).
Ten yL of serum was added to 360 yL of assay
mixture. The production of p-nitrophenol was

age in years

Mean Age in years

constantly monitored at 405 nm (molar extinction
coefficient of 18050) for 5 min. One unit of
paraoxonase activity produces 1 nmol of p-
nitophenol/ml, and activity was expressed in U/L
of serum. The intra and interassay coefficient of
variation was 3.3 and 4.7% respectively.

Results obtained were analyzed with MYSTAT
(Version 12) software. Data generated were
expressed as mean + standard deviation. All the
parameters were assessed for Normality of
distribution by Shapiro-Wilk test. Two sample t-
tests were applied for comparing means.
Regression analysis was used to assess the
relationship between parameters. For all statistical
tests p < 0.05 was considered as the level of
significance.

Results

Postmenopausal women had  significantly
increased  levels  of  triglycerides  than
premenopausal women (167.52 + 68.79 v/s 118.95
+ 43.41 mg/dL), VLDL-C (33.85 £14.89 v/s 24.30
+ 7.94 mg/dL). Postmenopausal women had a
significantly decreased activity in PON1 (116.16
+ 7.47 v/s 206.55 + 69.05) and HDL-C (30.92 +
7.47 vls 36.67 £ 7.95) when compared with
premenopausal women.PON1 activity was
negatively correlated with age, TC, TG, LDL-C (r
= -0.574, -0.119, -0.226, and -0.473 respectively)
and positively correlated with HDL-C (r= 0.368)

y

M control M cases
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Table 1: Mean age of controls and cases

Mean age (years) Standard deviation
Controls ( no.40) 30.12 7.20
Cases (no.40) 59.1 10.04

Lipid Profile

M control

mg/dl

M cases

total chol. triglyceride LDL-C

lipid profile

Table Z2: Serum Lipid profile in controls and cases.

Controls Cases
mg/dl (S.D.) mg/dl (S.D.)
Total Cholesterol 195.35 + 36.61 212.37 £48.43
Triglyceride 118.95 + 43.41 167.52 + 68.79*
LDL-C 135.12 + 34.52 148.55 + 40.54

* p<o.0s
The Triglyceride levels in cases (167.52 + 68.79) are increased significantly (p
<0.05) when compared with controls (118.95 + 43.41). The serum levels of
total cholesterol (212.37 + 48.43 vs. 195.35 + 36.61) and LDL-C (148.55 +
40.54 vs. 135.12 £ 34.52) do not show any significant difference in two

groups.
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Serum HDL-C and VLDL-C

S M controls
~
oo
£ M cases
HDL-C VLDL-C
Table 3: Serum HDL-C and VLDL-C in controls and cases.
Controls Cases P value
HDL-C 36.67 £ 7.94 30.92 £ 7.47 < 0.05
VLDL-C 24.3+7.94 33.85+ 14.89 < 0.05

The serum HDL-C levels are decreased significantly (P <0.05) in cases
(30.92 + 7.47) when compared with controls (36.67 + 7.94). The VLDL-C

levels are increased significantly (P< 0.05) in cases (33.85 + 14.89) when

compared with controls (24.3 £ 7.94).

Serum PON 1 activity in controls and cases

M controls M cases

250

200

150

PON1

100

50
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Table 5: Serum Paraoxonase1 activity in controls and cases.

Controls Controls P value

Paaoxonase 1 (U/L) 206.55 +69.05 116.16 £76.59 < 0.05

Paraoxonase1 activity in cases (116.16 +76.59) is significantly

decreased as compared to controls (206.55 +69.05).

correlation between PON1 and HDL-C
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Correlation coefficient, r = 0.237 P < 0.05

There is significant but weak positive correlation between paraoxonase

1 activity and HDL-C levels in cases.

correlation between age and PON1
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Correlation coefficient, r = -0.348; P <0.001

The serum paraoxonasel activity is significantly negatively correlated with the age in cases.
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Discussion

CVD is the leading cause of mortality in women
being responsible for 5 lacs deaths per year in
USA, which is twice that of deaths due to cancer.
It is also found that coronary artery disease is the
single largest cause of deaths in postmenopausal
women.”” Menopause is associated with many
hormonal and metabolic changes™®. The
alteration in lipoprotein profile is one of them.
The dyslipidemia in postmenopausal women is
characterized by increased levels of circulating
TC, TG, VDLD-C, and LDL-C and decreased
HDL-C levels™®. due to these changes
postmenopausal women are more prone to
develop CHD than the premenopausal. The
present study demonstrates significant changes in
lipoproteins in healthy postmenopausal women.
There is significant increase in triglyceride levels
with decreased HDL-C levels. The changes are
accompanied by significant decrease in the PON1
activity in the postmenopausal women which can
protect both HDL and LDL from oxidation. In the
present study, postmenopausal status has emerged
as a single factor predicting decreased PON1
activity. These changes represent a net descent of
lipoprotein  functionality in  postmenopausal
women, which would contribute to increased risk
for CHD. The significantly  decreased
paraoxonasel activity in postmenopausal women
(116.16 + 76.59) compared to premenopausal
(206.55 £ 69.05) suggest decreased antioxidant
defense after menopause. PONL1 is an antioxidant
enzyme with close association with HDL through
apo Al1.(20) The circulating levels of HDL may
affect the PONZ1concentration and in turn the
activity also. The decreased levels of HDL-C in
our study are significantly related to decreased
activity of PON1. Our results are very much
similar to the findings by Selahattin Kumru et
al(21), with decreased activity of PONL1 in elderly
women compared to younger. As previously
discussed the lipoprotein metabolism may be
influenced by the oestrogen. The postmenopausal
decrease of oestrogen may indirectly affect the
PON1 concentration and activity. The

postmenopausal decrease in PONL1 activity was
also seen in the study of Ata Topcuoglu,®® where
the activity get enhanced after the treatment with
oestrogen. This finding further support our
assumption of oestrogen related decrease in PON1
activity.An age dependency of PON1 is clearly
seen in present study, showing strong negative
correlation with age (r = - 0.348). Ildiko Seres et
al® also found the similar correlation in the
elderly women. The menopausal transition is
associated with an increased oxidative stress™" In
the postmenopausal women, there is increased
oxidation of the LDL and HDL.®® The
antioxidant activity is attributed to HDL and
oestrogen®”. The HDL nparticles are the key
players in the circulation to inhibit oxidation of
LDL. The antioxidant activity of HDL is partly
due to PON1®). Thus the reduction in the
antioxidant potential of PON1 might also
influence the susceptibility of LDL and HDL to
oxidation and also the antioxidant properties of
HDL. The age related decrease in HDL-C may
lead to increased LDL and HDL oxidation. The
oxidized LDL appears to inactivate PON1 through
interactions between the enzyme- free sulfhydril
group and oxidized lipids which are formed
during LDL oxidation®®.The oestrogen has an
antioxidant activity, which act with other
antioxidants protecting tissue from oxidative
damage.®® Ata Topcuoglu et al®® shown the
increased oxidative stress in the form of increased
malondialdehyde (MDA), and oxLDL after the
menopause. These changes found to be reversed
after exogenously given oestrogen. In previous
studies®™, there was significant negative
correlation between PON1 and MDA in the
postmenopausal women suggesting oxidative
imbalance with decreased antioxidants and
increased activity of oxidants during menopausal
transition.®® The menopausal transition is also
associated with an increased oxidativse stress 7.
In postmenopausal women, there is increased
oxidation of LDL and HDL®. Antioxidant
activity is attributed to HDL. Antioxidant activity
of HDL is partly due to PON1®®. Thus,
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postmenopausal reduction in the activity of PON1
might also influence the susceptibility of LDL and
HDL to oxidation. Oxidized LDL appears to
inactivate PONL1 through interactions Between the
enzyme- free sulfhydryl group and oxidized lipids,
which are formed during LDL oxidation®®.
Decreased activity of PON1 in postmenopausal
women or women with surgical menopause can be
reversed with estrogen therapy®. Recently,
climacteric symptoms are also shown to be
associated with risk factors for cardiovascular
diseases and increased oxidative stress in
perimenopausal women or early after menopause
@) However, the present study did not include
women with climacteric symptoms. Results of the
present study indicate that the lipoprotein changes
in the form of decreased HDL and decreased
PON1 may be risk factors for coronary artery
diseases in postmenopausal women. The present
study is an observational study, which has major
strengths including that it is contemplated to be
the first study in postmenopausal women
determine the effects of menopause over the
serum concentrations of HDL and PON1. There
are several caveats to the present study. We did
not estimate the serum estrogen levels which
restricts our conclusion. The actual arterial
changes were not assessed by us. Multicentric
studies with larger sample size may be useful to
know the actual Role of Serum Paraoxonase
1(PONL1) as a Marker of Coronary Heart Disease
in  Post-Menopausal Women secondary to
reduction in serum HDL-
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