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ABSTRACT

Background: The free radical theory of aging postulates that aging results from the accumulation of deleterious
effects caused by free radicals, and the ability of an organism to cope with cellular damage induced by ROS plays an
important role in determining organismal lifespan. GSH and SOD functions by donating the proton and in scavenging
the superoxide radicals, thereby protecting the body against oxidative stress by scavenging the free radicals produced
in the body. Glutathione peroxidase also have similar function, it reduce lipid hydroperoxides to their corresponding
alcohols and free hydrogen peroxide to water.

Methods: Hundred healthy adults from staff and student community under the age group of 20 to 60 years were
recruited. Approximately 5ml blood sample was collected and used for the analysis of lipid profile, MDA and
antioxidant status using standard protocol.

Results: The lipid profile, MDA and antioxidant status were measured and compared with that of serum nitric oxide
levels of 100 healthy individuals of the age 20-60 yrs. Men aged 20-29 years showed significantly higher NO levels
compared to corresponding women. There is a significant reduction in total antioxidant capacity in elderly people.
With the decrease in NO there is increase in MDA is observed.

Conclusions: There is a significant reduction in total antioxidant capacity in elderly people. This reduction in
antioxidant capacity implies a defect in antioxidant system, may be due to a reduction in individual antioxidant or
may be caused by a non-equilibrium or poor cooperation between them.
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INTRODUCTION

The biological process of ageing affects the cells of the
organism as well as the functions performed by the cells
thereof. Aging of whole organisms is therefore a complex
process that can be defined as a progressive deterioration
of physiological function, an intrinsic age-related process
of loss of viability and increase in vulnerability.»? In
almost every country, the proportion of people aged over

60 years is growing faster than any other age group, as a
result of both longer life expectancy and declining
fertility rates.

Nitric oxide is a signaling molecule, which is gaseous in
form. It diffuses freely across membranes and thus is an
ideal paracrine and autocrine signaling molecule.® Nitric
oxide can both promote and inhibit lipid peroxidation. By
itself, nitric oxide acts as a potent inhibitor of the lipid

International Journal of Advances in Medicine | July-August 2017 | Vol 4 | Issue 4 Page 1031



Sheth R et al. Int J Adv Med. 2017 Aug;4(4):1031-1035

peroxidation chain reaction by scavenging propagatory
lipid peroxyl radicals. In addition, nitric oxide can also
inhibit many potential initiators of lipid peroxidation,
such as peroxidase enzymes. However, in the presence of
superoxide, nitric oxide forms peroxynitrite, a powerful
oxidant capable of initiating lipid peroxidation and
oxidizing lipid soluble antioxidants.*”

Plasma nitric oxide availability is impaired with
advancing age in healthy adults.® As age progresses the
Serum nitric oxide levels strongly correlate with
serological markers such as those related with
cardiovascular functions and lipid profile.®

The excess intake of fat and carbohydrate by the body,
leads to their conversion into triacylglycerols in the liver.
These triacylglycerols are packaged into VLDLs and
released into the circulation for delivery to the various
tissues (extra-hepatic) for storage or production of energy
through oxidation. HDLs represent a heterogeneous
population of lipoproteins which exert anti-inflammatory,
antioxidant, and vasodilatory effects that together
represent addition atheroprotective functions of HDL,
along with reverse cholesterol transport and excretion in
bile. Unfavorable changes in plasma lipids are strongly
associated with the age-related increase in visceral
abdominal adipose tissue.’® In case of females upto the
age of 45-50 (until they reach menopause) estrogen has
an atheroprotective effect. But once they have attained
menopause the protective effect of estrogen wears off.
Thus, the serum lipid levels rise.*

The fundamental manifestation of the aging process is a
progressive decline in the functional maintenance of
tissue homeostasis and an increasing propensity to
degenerative diseases and death.*? There is an emerging
consensus that aging is a multifactorial process, which is
genetically determined and influenced epigenetically by
environment.*®> Because of their potential to cause
oxidative deterioration of DNA, protein, and lipid,
Reactive Oxygen Species (ROS) have been implicated as
one of the causative factors of aging.'* Glutathione
(GSH) and Superoxide Dismutase (SOD) functions by
donating the proton and in scavenging the superoxide
radicals, thereby protecting the body against oxidative
stress by scavenging the free radicals produced in the
body.

Glutathione peroxidase reduces lipid hydroperoxides to
their corresponding alcohols and free hydrogen peroxide
to water. Hence, the present study was undertaken to
investigate age and sex related serum changes in nitric
oxide and its correlation with the lipid profile, lipid
peroxidation and antioxidant status in healthy ageing
individuals.

METHODS

This study was conducted after the institutional ethical
clearance and written, informed consent from all the

participants. In the present study hundred healthy male
and female subjects between 20 to 60 years were
selected. About 5ml of blood was collected without
anticoagulant in appropriate sterile vials and the serum
was separated by centrifugation at 3000 rpm for 10
minutes and stored at 4°C.

Erythrocyte separation

500 pL of drawn heparinized blood was centrifuged at
3000 rpm for ten minutes and the upper plasma layer was
separated out, and about 500 pL of normal saline was
added to the erythrocyte layer, mixed well and
centrifuged, again discarding the upper layer and adding
fresh normal saline to the erythrocytes, this step was
repeated two more times in order to wash the
erythrocytes. Finally, 200 pL of the washed erythrocytes
was taken and lysed with 600 uL of cold distilled water to
lyse the erythrocytes and release the enzyme contained.
Thus prepared 1:4 diluted erythrocytes were stored at 0-4
°C until use for biochemical analysis.

The estimation of Nitric Oxide was done by Griess
method. Total cholesterol was estimated using CHOD-
POD method, estimation of triglyceride was done by
GPO-POD method. Standard commercial kits were used
to estimate HDL and estimation of LDL is done using the
formula LDL = TG-(HDL+VLDL). The VLDL was
calculated using formula VLDL = TG/5.

Statistical analysis

The data obtained was expressed as MeanzSD. The data
was statistically analyzed by one way ANOVA. The p
value less than 0.05 was considered the level of
significance.

RESULTS

The nitric oxide level was found to be significantly
higher in men (p=0.0017) of the age between 20-40 years
as compared to females of the same age. Similarly, in the
age group of 40-60 years (Figure 1). The total cholesterol
level was found to be significantly higher in women
(p=0.0001) in both the age group as compared to that in
men (Figure 2).

The triglyceride level was found to be significantly
higher in men (p=0.012) of the age between 20-40 years
as compared to females of the same age. Whereas, in the
age group of 40-60 years, it was significantly higher in
women (p=0.012, Figure 3).

There was no significant difference in HDL Cholesterol
level between male and females belongs to both the age
group (p=0.469, Figure 4). The LDL Cholesterol level
was found to be significantly higher in men of both the
age when compared to females of the same age
(p=<0.0001, Figure 5).
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Figure 1: Comparison of lipid peroxidation between
men and women belongs to different age group.
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There was no significant difference in VLDL cholesterol
level between male and females belongs to both the age
group (p=0.282, figure 6). There was no significant
difference in the sod level between male and females
belongs to both the age group (p=0.465, figure 7).

The GSH level was found to be significantly higher in
women (p=0.005) of the age between 20-40 years as
compared to men of the same age. Whereas, in the age
group of 40-60 years, it was significantly higher in men
(p=0.0059, figure 8). The nitric oxide level was found to
be significantly higher in men (p=0.001) of both the age
group as compared to females of the same age (Figure 9).

The total antioxidant capacity was found to be
significantly higher in men (p=0.0001) of the age
between 20-40 years as compared to females of the same
age. Whereas, in the age group of 40-60 years, it was
significantly higher in women (p=<0.0001, figure 10).
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Figure 2: Comparison of total cholesterol between
men and women belongs to different age group.

Concentration of TG (mg/dl)

200+

150+

100+

50

-
L

Triglyceride

Female (20-40) Female (40-60) male (20-40)

1 Female (20-40)
[ Female (40-60)
= male (20-40)
[ male (40-60)

Figure 4: Comparison of HDL cholesterol level
between men and women belongs to different
age group.

Figure 3: Comparison of triglyceride level between
men and women belongs to different age group.

VLDL
401
1 Female (20-40)
[ Female (40-60)
304 = male (20-40)
1 male (40-60)

20+

T
1

10+

Concentration of VLDL (mg/dl)

Female (20-40) Female (40-60) male (20-40) male (40-60)

Figure 5: Comparison of LDL Cholesterol level
between men and women belongs to different
age group.
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Figure 6: Comparison of VLDL Cholesterol level
between men and women belongs to different age
group.

GSH-Graph

400~
[ Female (20-40)

[ Female (40-60)
300 [ male (20-40)

[ male (40-60)
200 T

100 J—

Concentration of GSH (pg/ml)

Female (20-40) Female (40-60) male (20-40) male (40-60)

Nitric Oxide
1.254
[ Female (20-40)
[ Female (40-60)
1,004 [0 male (20-40)
=3 male (40-60)

0.754

0.50- ==

0.254

Concentration of Nitric Oxide (uM/L)

Female (20-40) Female (40-60) male (20-40)  male (40-60)

Figure 9: Comparison of nitric oxide level between
men and women belongs to different age group.
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Figure 7: Comparison of SOD level between men and
women belongs to different age group.
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Figure 8: Comparison of GSH level between men and
women belongs to different age group.

Figure 10: Comparison of total antioxidant capacity
level between men and women belongs to different
age group.

DISCUSSION

In the present study, we found that the plasma nitric
oxide availability is impaired with advancing age in
healthy individuals. Men aged 20-40 years have
significantly higher NOx levels compared to older men in
the age group 40-60. The men in the age group of 20-40
will also have a significantly high level of NO in their
serum when compared to the corresponding women of
the same age. It was similar to the studies by Ghasemi A
et al, and others reported that, men aged 20-29 years had
significantly  higher NOx levels compared to
corresponding women. 1517

The LDL level in the females of age group of 20-40 years
had the lower levels of LDL when compared to older
women of 40-60 years, this may be due to the
atheroprotective effect of estrogen. We also found that
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the levels of LDL were significantly higher in older
males  thereby predisposing them to  various
cardiovascular diseases. This is similar to the results of
Nabatchian F, et al reported that, oxidative stress
enhances the likelihood of LDL oxidation and
atherosclerotic plaque development.®

The VLDL levels were almost equal in the older age
group of 40-60 years, but there is a contrast when
observed in younger age group - the levels of VLDL are
marginally higher in case of males than females probably
because of the atheroprotective effect of oestrogen, thus
our finding with regard to VLDL is consistent with the
findings of Buege JA and others who reported that,
estrogen is associated with reduced subclinical
atherosclerosis progression in healthy postmenopausal
women. This association is partially mediated by its
beneficial effect on lipids. The total cholesterol levels in
both the older age group as well as the younger age
group; females have the higher levels of cholesterol.1®2

There is a significant reduction in total antioxidant
capacity in elderly people. This reduction in antioxidant
capacity implies a defect in antioxidant system, may be
due to a reduction in individual antioxidant or may be
caused by a non-equilibrium or poor cooperation between
them. By itself, nitric oxide acts as a potent inhibitor of
the lipid peroxidation chain reaction by scavenging
propagatory lipid peroxyl radicals. It also inhibits many
potential initiators of lipid peroxidation, such as
peroxidase enzymes. With the decrease in NO there is
increase in MDA

CONCLUSION

In the present study lipid profile, MDA and antioxidant
status were measured and compared with that of serum
nitric oxide level. From the results, it was concluded that,
men aged 2040 years will have significantly higher NOx
levels compared to corresponding women. There will be
significant reduction in total antioxidant capacity in
elderly people. With the decrease in NO there is increase
in MDA.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
institutional ethics committee

REFERENCES

1. Bowen RL, Atwood CS. Living and dying for sex. A

theory of ageing based on the modulation of cell cycle

signalling by reproductive  hormones.  Gerontol.

2004,50(5):265-90.

Aging and Gerontology Glossary. Retrieved 2011-02-26.

3. Stryer, Lubert. Biochem. 4th Edition. W.H. Freeman and
Company; 1995;732.

n

4.  Wink DA, Kasprzak KS. DNA deaminating ability and
genotoxicity of nitric oxide and its progenitors. Sci.
1991;254(5034):1001

5. Nguyen T, Brunson D, Crespi CL, Penman BW, Wishnok
JS, Tannenbaum SR. DNA damage and mutation in
human cells exposed to nitric oxide in vitro. Proc Natl
Acad Sci. USA. 1992;89(7):3030-4.

6. Li CQ, Pang B, Kiziltepe T, Trudel LJ, Engelward BP,
Dedon PC, et al. Threshold effects of nitric oxide-induced
toxicity and cellular responses in wild-type and p53-null
human lymphoblastoid cells. Chem Res Toxicol.
2006;19(3):399-406.

7.  Neil Hogg, B Kalyanaraman. Nitric oxide and lipid
peroxidation. Biochimica et Biophysica Acta (BBA)-
Bioenergetics. 1999;1411(2-3)5:378-84.

8. Di Massimo C, Lo Presti R, Corbacelli C, Pompei A,
Scarpelli P, De Amicis D, Caimi G, et al. Impairment of
plasma nitric oxide availability in senescent healthy
individuals: apparent involvement of extracellular
superoxide dismutase activity. Clin Hemorheol Microcirc.
2006;35(1-2):231-7.

9. Peinado MA, L6pez-Ramos JC, Camacho MV, Molina
FJ, et al. Age and sex-related serum changes in nitric
oxide: correlations with serological markers. Int J Cardiol.
2007;121(1):88-90.

10. DeNino WF, Tchernof A, Dionne 1J, Toth MJ, Ades PA,
Sites CK, Poehlman ET. Contribution of abdominal
adiposity to age-related differences in insulin sensitivity
and plasma lipids in healthy nonobese women. Diabetes
care. 2001;24(5):925-32.

11. Jensen J, Nilas L, Christiansen C. Influence of menopause
on serum lipids and lipoproteins.  Maturitas.
1990;12(4):321-31.

12. L. Hayflick. How and why we age. Experimental
Gerontol. 1998;33 (7-8):639-653.

13. Kirkwood TBL. Understanding the odd science of aging.
Cell. 2005;120(4):437-47.

14. Harman D. Aging: a theory based on free radical and
radiation chemistry. J Gerontol. 1996;11 (3):298-300.

15. Ghasemi A, et al. Serum nitric oxide metabolite levels in a
general healthy population: relation to sex and age. Life
Sci. 2008;83(9-10):326-31.

16. Chen Z, Niki E. Two faces of lipid peroxidation products:
the Yin and Yang principles of oxidative stress. J
Experimental and Integrative Medicine; 2011;1(4):215-9.

17. Egbal M.A. Daugan, et al. Natural antioxidants, lipid
profile, lipid peroxidation, antioxidant enzymes of
different vegetable oils. Advance J Food Sci Tech.
2011;3(4):308-16.

18. F Nabatchin, Khaghani S, Bagherian R, Miri R,
Mahmoodi M, Pasalar P. The relation between oxidative
stress and onset of coronary artery disease. Med J Islamic
Rep Ir. 2004;18(2):101-5.

19. Buege JA, Aust SD. Microsomal lipid peroxidation.
Methods Enzymol. 1978;52:302-10.

20. Ghasemi A, Zahediasl S, Azizi F. Reference values for
serum nitric oxide metabolites in an adult population. Clin
Biochem. 2010;43(1):89-94.

Cite this article as: Sheth R, Bhat T, Kumari NS,
Ullal HD. Age and sex related serum changes in
nitric oxide and its correlation with plasma lipid
profile and lipid peroxidation in healthy ageing
individuals. Int J Adv Med 2017;4:1031-5.

International Journal of Advances in Medicine | July-August 2017 | Vol 4 | Issue 4 Page 1035



