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inhabitants at high altitude. (vi) Individuals raised at
high-altitude villages can be utilized for revegetating the
wild population, consumption and trade.
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With the current understanding on the mechanism of
LDL oxidation and oxidized LDL in coronary artery
disesase (CAD), a pilot study was conducted to evalu-
ate the interrelationship between lipid peroxidation,
ascorbic acid and superoxide dismutase in patients
suffering from CAD. Plasma malondialdehyde—a
marker of lipid peroxidation was significantly ele-
vated and the levels of ascorbic acid and superoxide
dismutase were significantly reduced in patients. This
scenario suggests that higher oxidant stress and red
uced antioxidant satus along with hypercholes-
terolemia and hypertriglyceridemia are the key
factors for progression of atherosclerosis and hence, a
management strategy aiming at simultaneous reduc-
tion of cholesterol and control of lipid peroxidation in
CAD isenvisaged.

CORONARY artery disease (CAD) is the single most im-
portant disease entity in terms of both mortality and mor-
bidity in the entire world population. Both men and
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women between the age group 40 and 60 are susceptible
to it. Despite al-round efforts in the prevention and man-
agement of this disease, it remains a major challenge to
the health managers and scientists. It is predicted that by
the year 2020 this disease would persist as the major and
the most common threat to human life*. In developing
countries, the incidence of CAD is increasing alarmingly.
India is on the verge of a cardiovascular epidemic! By
the year 2015, cardiovascular mortality is likely to rise to
the order of 103% in males and 90% in females. The cir-
culatory system disorders are going to be the greatest
killer in India by the end of the year 2015 (ref. 2). The
underlying cause of CAD is atherosclerosis—a disease
involving a complex array of circulating blood proteins,
lipoproteins and cells, and their interaction with the cells
and matrix proteins of the arterial wall. It is well estab-
lished that high circulatory serum cholesterol, low den-
sity lipoprotein cholesterol (LDL-C) and low levels of
circulating high density lipoprotein cholesterol (HDL-C)
are the main causatives of this disease. Basic research has
provided strong evidence that oxidation of LDL also
plays an important role in the pathogenesis of atheroscle-
rosis. Oxidative modification of LDL is brought about by
free radicals, which cause degradation of polyunsaturated
fatty acids and the formation of lysolecithin, oxysterols
and aldehyde modification of lysine residues on Apo B
(ref. 3). Lipid peroxidation is the most studied biologi-
caly relevant, freeradical chain reaction. Cells have a
comprehensive array of antioxidant defence mechanisms
to reduce free radical formation or limit their damaging
effects. These include enzymes such as superoxide dis-
mutase (SOD) and catalase to degrade superoxide and
peroxides respectively, and essential radical scavengers
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like ascorbic acid, apha tocopherol and carotenoids. A
potential role of the antioxidant micronutrients in modi-
fying the risk, which results from oxidative stress and
CAD, has stimulated intense research and has increased
interest in micronutrient supplement. Antioxidants tend
to reduce the risk and severity of atherosclerosis by inhi-
biting lipid peroxidation. This scenario suggests that
together with the estimation of plasma lipids and lipopro-
teins, evauation of oxidant—antioxidant profile in an
individual will contribute significantly to the risk assess-
ment, prophylaxis and management of CAD.

Ascorbic acid or vitamin C is an important antioxidant
in plasma, where it consumes oxygen free radicals and
helps to preserve alpha tocopherol in lipoproteins®. Extra-
cdlular SOD (EC-SOD) is a secretory glycoprotein®,
which is found in blood-vessel walls at a high level to
suppress oxidative stress under norma conditions. EC-
SOD isthe mgjor SOD isoenzymein plasma.

The role of free radicals and freeradical scavenging
mechanisms in the progression and prevention of CAD in
humans remains more of a speculation. Data on the state
of free radicals and their scavengers under in vivo condi-
tions in humans are lacking. Hence we have attempted a
pilot study on the state of SOD, lipid peroxidation and
ascorbate, and their interrelationship in the normal con-
trols and patients suffering from CAD, to elucidate the
role of the above factors in the progression and preven-
tion of CAD.

A total number of 48 angiographically-proven CAD
patients from the Department of Cardiology, All India
Institute of Medical Sciences, New Delhi, between age
group 33 and 71 years were studied. Blood samples from
27 normal persons served as controls. Plasma total cho-
lesterol, HDL-cholesterol and triglyceride were assayed
using an enzymatic estimation kit (Randox Laboratories
Limited, Crumlin, UK). Plasma LDL-cholesterol levels
were determined from the values of total cholesterol and
HDL cholesterol using the following formula:

Triglyceride
5
HDL-cholesterol (mg/dl)

LDL-cholesterol = Total cholesterol —

Plasma ascorbic acid was estimated following the
methodology of Jacob®. Ascorbic acid in serum was oxi-
dized by Cu(ll) to form dehydroascorbic acid, which
reacts with acidic 24-dinitrophenyl hydrazine (2,4-
DNPH) to form red bis-hydrazone. The colour developed
was measured at 520 nm in a spectrophotometer. SOD
was assayed in the plasma following the methodology of
Nandi and Chatterjee’. This method utilizes the inhibition
of auto-oxidation of pyrogalol by SOD enzyme in the
sample. Malondialdehyde (MDA) is estimated as a
marker of lipid peroxidation following the methodology
of Satoh®, which is based on the coupling of MDA with
thiobarbituric acid. For statistical analysis two-sample t-
test was performed and the results were expressed as
mean + SD. P £ 0.05 was considered significant.

The mean value of plasma total cholesterol was signi-
ficantly high by 15% (P<0.001) in patients in compari-
son to normal controls (Figure 1). Similarly the levels of
LDL-C, VLDL-C and triglyceride were also significantly
high by 22% (P<0001), 18% (P<0.05 and 24%
(P<0.01) respectively, in patients when compared to
controls. On the contrary, the level of HDL-C was sig-
nificantly less by 9% (P <0.005) in patients in compari-
son to healthy controls (Figure 1). Plasma MDA was
1.73nmol/ml in healthy controls and there was a 90%
increase in its level in patients (P <0.0001; Figure 2). A
positive relationship was observed between total choles-
terol and lipid peroxidation, and a negative relationship
was observed between lipid peroxidation with ascorbic
acid and SOD in patients. The mean plasma SOD level in
norma controls was 2.73U/ml and there was a 49%
decrease (P <0.0001) in its level in patients compared to
controls (Figure 3). An inverse relationship was observed
between plasma SOD and serum total cholesterol. The
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Figurel. Lipid profile of controls (C, n = 27) and patients (P, n = 48). Values are expressed as mean

+ SD. Figures in parenthesis represent the per cent change in comparison to the respective control.
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mean plasma ascorbic acid level of healthy controls
was 0.6mg/dl and the level decreased significantly
(P<0.0001) by 40% in patients in comparison to con-
trols (Figure 4). An inverse relationship was observed
between serum total cholesterol and serum ascorbic acid.
CAD is a fatal disease with no known cure. Fortu-
nately, continued scientific probe into the understanding
of the pathophysiology of this disease and causative fac-
tors made this disease highly preventable and treatable.
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Figure 2. Plasma lipid peroxidation expressed as MDA in controls

(n=27) and patients (n = 48). Values are expressed as mean + SD.

Figures in parenthesis represent the per cent change in comparison to
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Figure 3. Plasma SOD in controls (n = 27) and patients (n = 48).
Values are expressed as mean + SD. Figures in parenthesis represent
the per cent change in comparison to controls.
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Figure 4. Plasma ascorbic acid in controls (n =27) and patients
(n =48). Values are expressed as mean * SD. Figures in parenthesis
represent the per cent change in comparison to controls.
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Hypercholesterolemia has been known to be an important
cause for the development of CAD. A positive relation-
ship between plasma total cholesterol levels and risk of
CAD has also been earlier demonstrated in many stud-
ies”™1. Later, the role of HDL as a scavenger of choles-
terol was recognized®?. In the Indian context, high level
of plasma triglycerides, especialy elevated levels of
VLDL had been found associated with CAD. With these
developments, conventionally, high plasma levels of total
cholesterol, LDL and triglyceride, are considered as risk
factors for CAD and high HDL levels are considered to
be protective. In our study, lipid profile remained in con-
sonance with the previous reports. The levels of risk-
associated lipids, i.e. total cholesterol, triglycerides and
LDL were high and levels of HDL werelow in patients.

It is currently believed that lipid peroxidation is inv-
olved in the oxidative modification of LDL. Yalcin et
al.'® observed an increase in the lipid peroxidation level
in hyperlipidemic patients. Similarly, Mehmetcik et al.**
have also observed an increased level of lipid peroxida-
tion in hypercholesterolemic subjects. In rabbits, Das et
al.’® and Prasad and Kalral® have reported a similar
increase in serum and blood MDA levels respectively, on
cholesterol feeding. The level of lipid peroxidation or
MDA content indicates the state of free radicals and oxi-
dative stress. In this study we have observed an increase
in the MDA content in CAD patients compared to nor-
mals.

The level of ascorbate was low in patients compared to
healthy controls. Ascorbic acid is a water-soluble anti-
oxidant that acts as the body’s primary defence against
peroxyl radicals formed in the agueous phase'’. It is the
only antioxidant in plasma capable of completely inhibit-
ing oxidative modification of LDL by aqueous peroxyl
radicals'”!8. Deficiency of ascorbic acid has a direct
association with increased atherosclerosis in guinea pigs
and its intake was shown to have an inverse relationship
to atherosclerosis in quail, rabbits, rats and humans'®.
Ascorbate administration exerts an antioxidant effect in
hypercholesterolemic rats; it also exerts a protective role
against the peroxidative damage of lipids®®. It has also
been reported that ascorbic acid increases the number of
LDL receptors on arterial smooth cells, thereby facilitat-
ing lipoprotein cholesterol clearance®’. Gokce et al.?, in
their study with CAD patients, have proved that long-
term ascorbic acid treatment has a sustained beneficial
effect on endothelium-derived nitric oxide action. Low
levels of ascorbic acid in CAD patients observed in the
present study may be linked with increased consumption
of ascorbic acid due to increased oxidant stress, as evi-
dent from higher MDA levels. In such patients ascorbic
acid supplementation might help in providing the neces-
sary protection needed for balancing the deleterious ef-
fects of freeradicals.

EC-SOD is the major isozyme in plasma® and removes
superoxide radical®®. The level of SOD was low in pat-
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ients compared to healthy controls in the present study. A
negative association of EC-SOD with MDA, total choles-
terol and triglyceride and a positive association with
HDL in patients observed in this study are in consonance
with earlier findings® 2. Landmesser et al.?” have found
a substantially reduced vascular EC-SOD activity and
have suggested that reduced EC-SOD activity contributes
to endothelial dysfunction in patients with CAD. Wang et
al.?® in their study of SOD levels in the Australian popu-
lation, have established that circulatory EC-SOD is lower
in men than in women and in smokers of each sex, and
that low levels are independently associated with a his-
tory of MI. The reduced levels of SOD in patients
observed in our study could result from reduced produc-
tion of SOD levels, thereby rendering an individual sus-
ceptible to oxidative damage due to non-clearance of free
radicals and their further propagation through chain reac-
tions. It has also been suggested that low plasma SOD
levels may directly be related to an increased production
of superoxide, which interacts either directly with EC-
SOD or with EC-SOD in vascular wall, which is in equi-
librium with plasma levels. Thus plasma levels of SOD
may be envisaged as a potentiad marker for the risk
assessment of CAD in addition to the lipid profile. In the
Indian context it may have an added advantage, as many
of the CAD patients do show only a marginal increase or
even normal levels of plasma cholesterol.

The study brings to focus the significance of free-
radical homeostasis in CAD. In conclusion, it appears
that though the number of control subjects was less than
the patients, there is a distinct trend which suggests that
higher oxidant stress and diminished antioxidant
status along with hypercholesterolemia, hypertriglyc-
eridemia and low HDL levels, constitute the key factors
in the progression of atherosclerosis. Hence, a manage-
ment strategy aiming at simultaneous reduction of
cholesterol and control of lipid peroxidation in CAD is
envisaged.

1. Yusuf, S, Ounpnu, S. and Anand, S., in Coronary Artery Disease
in Indians— A Global Perspective (ed. Sethi, K. K.), 1998, pp.
11-25.

2. Kaul, U., Sapra, R. and Ghose, T., ibid, pp. 83-91.

3. Dobreanu, M. and Mody, E., Rom. J. Intern. Med., 1997, 35, 55~
62.

. May, J. M., Front. Biosci., 1998, 3, D1-D10.

. Adachi, T., Yamazaki, N., Tasaki, H., Toyokawa, T., Yamashita,

K. and Hirano, K., Biol. Pharm. Bull., 1998, 21, 1090-1093.

Jacob, R. A., J. Nutr., 1990, 120, 1480-1485.

Nandi, A. and Chatterjee, I. B., J. Biosci., 1988, 13, 305-315.

Satoh, K., Clin. Chem. Acta, 1970, 90, 37-43.

. Gordon, T., Kannel, W. B., Castelli, W. P. and Dawber, T. R.,

Arch. Intern. Med., 1981, 141, 1128-1131.

10. Stamler, J., Wentworth, D. and Neaton, J., JAMA, 1986, 256,
2823-2828.

11. Anderson, K. M., Castelli, W. P. and Levy, D., ibid, 1987, 257,
2176-2180.

12. Carew, T. E., Koschinsky, T. and Hayes, S. B., Lancet, 1976, 1,
1315-1317.

13. Yadcin, A. S., Sabuncu, N. and Kilinc, A., Atherosclerosis, 1989,
80, 169-170.

14. Mehmetcik, G., Toker, G. and Uysal, M., Horm. Metab. Res.,
1997, 29, 63-65.

15. Das, Sabari, Snehlata and Srivastava, L. M., Nutr. Res., 1997, 17,
231-241.

16. Prasad, K. and Kalra, J., Am. Heart J., 1993, 125, 958-973.

17. Frei, B., Am. J. Clin. Nutr., 1991, 54, 1113S5-1118S.

18. Frei, B., Stocker, R. and Ames, B. N., Proc. Natl. Acad. Sci. USA,
1988, 85, 9748-9752.

19. Dudll, P. B., J. Nutr., 1996, 126, 1067S-1071S.

20. Santillo, M., Mondola, P. and Milone, A., Life Sci., 1996, 58,
1101-1108.

21. Aulinskas, T. H., Westhuvzen Deneys R. Van der and Coetzee,
A. G., Atherosclerosis, 1983, 47, 159-171.

22. Noyan, Gokce, Keaney, John F. and Balz, Frei, Circulation, 1999,
99, 3234-3240.

23. Huang, P, Feng, L., Oldham, E. A., Keating, M. J. and Plunkett,
W., Nature, 2000, 407, 390-395.

24. Marklund, S. L., Nilsson, P., Israelsson, K., Schampi, |., Peltonen,
M. and Asplund, K., J. Intern. Med., 1997, 242, 5-14.

25. Sjoquist, P. O. and Marklund, S. L., Cardiovasc. Res., 1992, 26,
347-350.

26. Tomodo, H., Morimoto, K. and Aoki, N., Am. Heart J.,1996, 131,
849-856.

27. Landmesser, U., Merten, R., Spiekermann, S., Buttner, K., Drex-
ler, H. and Horning, B., Circulation, 2000, 101, 2264-2270.

28. Wang, X. L., Adachi, T., Sim, A. S. and Wilcken, D. E., Arterio-
scler. Thromb. Vasc. Biol., 1998, 18, 1915-1921.

[

© o N>

ACKNOWLEDGEMENTS. The support rendered by the Head,
Department of Biochemistry, AIIMS, New Delhi, is gratefully ac-
knowledged. We are also grateful to Dr L. M. Srivastava for hisinspi-
ration and support.

Received 27 October 2000; revised accepted 27 June 2002

CURRENT SCIENCE, VOL. 83, NO. 4, 25 AUGUST 2002

491



