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STUDY BACKGROUND
1.1 Atherosclerosis, lipid peroxidation and astaxanthin

Cardiovascular diseases are the leading cause of death and disease globally. Treatment of cardiovascular
diseases (CVD) places a heavy burden on the health and economy, and all efforts to limit coronary heart
disease are thus of major public health significance.

The traditional risk factors for coronary heart diseases (CHD) are for example smoking, high low density
lipoprotein (LDL) cholesterol concentration, lack of exercise, diabetes and elevated blood pressure. These risk
factors do not, however, fully explain the variations in CHD risk. One of the w1dely investigated and accepted
hypotheses is the oxidation hypothesis of atherosclerosis. The current opinion is that oxidative modification of
LDL plays a key role in the pathogenesxs of atherosclerosis (Stemberg et al. 1989, Salonen et al. 1992). It has
also been hypothesized that atherosclerosxs could be retarded by antxomdant compounds which would prevent
the oxidation of LDL.

Lipid peroxidation has an important role in the etiology of many pathological conditions including
atherosclerosis (Salonen et al. 1992, 1997, Salonen 1995). The carotenoid astaxanthin has been
established to be a powerful antioxidant in vitro (Terao 1989, Miki 1992, Palozza and Krinsky 1992,
Nakagawa et al. 1997), far more potent than e.g. beta-carotene. As scavenger of hydroxyl radicals,
astaxanthin is more effective than beta-carotene (Rosseau et al. 1992). Astaxanthin has also been
shown, in experimental animals, to induce the xenobiotics metabolizing enzyme system, cytochrome
P450 (Gradelet et al. 1997) and to reduce oxidative damage to DNA {Gradelet et al. 1998). Oxidative
DNA damage is considered a good biomarker for cancer risk in humans (Prieme et al. 1997, Poulsen et
al. 1998). The main dietary sources of astaxanthin are crustaceans and other: seafood, especially
salmonoids. There are, however, no previous randomized placebo«controlled clinical trials testing the
effect of astaxanthin supplementation on lipid peroxidation and DNA damage in humans. If the positive
effects observed in test tube and animal experiments will be confirmed in humans, this would have a
great significance with regard to.the value of astaxanthin as an anuatherogemc and anticarcinogenic
antioxidant for humans.

1.2. Assessment of lipid peroxidation

The measurement of lipid peroxidation in human samples is complicated. There are no generally applied
methods; there is even no consensus about what measurements are the methods of choice (Salonen 2000). The
methods we prefer are hydroxy fatty acxds ‘which may be the best indicator of lipid peroxidation in vivo in
humans. Hydroxy fatty acids are the first step of peroxidation of 18-carbon faity acids oleic acid, linoleic acid
and linolenic acid.

THE PURPOSE OF THE STUDY
The purpose of the present study was:to investigate the effect of supplementation of healthy male
volunteers with 8 mg of astaxanthin daily on plasma astaxanthin and other antioxidant status, serum

lipids, the susceptibility of the combined fraction of VLDL and LDL to oxidation, lipid peroxidation in
vivo, as compared with placebo.

STUDY DESIGN AND SUBJECTS
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The subjects of the study were healthy non-smoking male volunteers aged 19-33 years with no severe
diseases.

The study was a randomized double-blind trial based on comparison of two groups: one received two 4

mg astaxanthin (Astaxin®) capsules daily in conjunction with two standardized, fat~contammg meals

and the second group, two identical-looking placebo capsules. The total sample size was 40, and 20

subjects were randomized into each group. The treatment period was 3 months (12 weeks) for each.
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astaxanthin concentration was high in the baseline measurement.

The subjects were advised to keép their exercise and dietary habits unchanged during the study. Four-
day food recording were carried out at the beginning and at the end of the study m monitor any
changes in the dietary intake of astaxanthin and other antioxidants.

MEASUREMENTS

= plasma astaxanthin concentration

» serum lipids and other chemical tests to control other factors affecting lipid peroxidation and to
estimate changes in the diet during the study, these indluded serum total, LDL -and HDL
cholesterol, serum triglycerides,

copper induced lag-time

copper induced V-max

plasma hydroxy fatty acids (measured at Oy Jurilab LTD, www . jurilab.com

serum fatty acid profile /

RESULTS

There weren’t any differences in the diet between the study groups. The changes of serum lipids and
lipid peroxidation are shown in table 1. The plasma levels of astaxanthin increased by 18.8 Eg/l during
the study in the astaxanthin group. Astaxanthin levels were 0.0 Elg/l at baseline in both groups and also
after supplementation in the placebo group. There were no significant differences in the changes of
plasma alpha-tocopherol, retinol, lycopene, beta-carotene, ascorbate, zeaxanthin+iutein, cantaxanthin
and cryptoxanthin concentrations between the astaxanthin and placebo groups. There were no
significant differences in the changes of inflammation markers (interleukin-2 receptor and interleukin-6)
between the study groups.

The levels of plasma 12- and 15-hydroxy fatty acids were reduced statistically significantly in the
astaxanthin group (p=0.048 and p=0.047 respectively) during supplementation but not in the placebo
group and the change was almost significantly greater (p=0.056) in the A group, as compared with the
placebo group. There weren’t any other statistically significant differences in serum lipids, lipid
peroxidation or serum fatty acid profile between the study groups.

CONCLUSION

The present study indicates that astaxanthin was absorbed well from capsules. In addition in this study
we found decreased plasma 15-hydroxy fatty acid production during astaxanthin supplementation.
Plasma 15-hydroxy fatty acids are formed by oxidation from the linolenic acids which is the most



ubiquitous fatty acids in plasma and among the most sensitive fatty acids to get oxidized.

In conclusion, the present study suggests that astaxanthin supplementation may decrease in vivo lipid
peroxidation in healthy men. As increased lipid peroxidation has been shown to contribute to the

development of CVD, this finding suggests that astaxanthin supplementation may play a role in the
prevention of CVD.



Table 1. Changes of the main measurements during the study.

Change
P for P for P for difference
Variable Group Placebo change Astaxanthin change between groups
n=19 within group n=20 within group
Plasma astaxanthin 0.00 +18.79 <0.001 <0.001
Serum total cholesterol (mmol/l) +0.09 0.474 -0.08 0.437 0.289
Serum HDL cholesterot (mmol/l) -0.05 0.085 +0.02 0.648 0.149
Serum LDL cholesterol (mmol/l) +0.17 0.159 -0.04 0.666 0.167
Serum triglycerides (mmol/) -0.02 0.773 -0.13 0.395 0.548
Adjusted copper induced lag-time (min) -2.58 0.149 -1.25 0.465 0.583
Adijusted copper induced V-max (mabs/min) +0.56 0.166 +0.01 0.989 0.331
Plasma total hydroxy fatty acids (Emol/l)  -0.20 0.167 -0.14 0.233 0.727
Plasma 8-hydroxy fatty acids (Emol/}) +0.01 0.318 -0.01 0.710 0.377
- Plasma 9-hydroxy fatty acids (Emol/l) +0.03 0.250 -0.01 0.738 0.366
Plasma 10-hydroxy fatty acids (Hmol/l) +0.01 0.542 -0.02 0.619 0.512
Plasma 11-hydroxy fatty acids (Emol/l) +0.00 0.766 -0.02 0.258 0.244
Plasma 12-hydroxy fatty acids (Emel/l) -0.20 0.128 -0.05 0.048 0.246
Plasma 13-hydroxy fatty acids (Emol/l) 40,01 0.727 -0.02 0.555 0.495
Plasma 15-hydroxy fatty acids (Hmol/l) +0.01 0.557 -0.03 0.047 0.056
Plasma 16-hydroxy fatty acids (Bmol/) - -0.01 0.482 - -0.00 0.330 0.549
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