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Abstract Astaxanthin, a carotenoid, has antioxidant activ-
ity as well as many positive effects, such as anticancer and
anti-inflammatory effects. We performed a randomized,
double-blind, placebo-controlled study to investigate the
effects of astaxanthin on lipid profiles and oxidative stress
in overweight and obese adults in Korea. In total, 27
subjects with body mass index >25.0 kg/m? were enrolled
and randomly assigned into two groups administered
astaxanthin or placebo capsules for 12 weeks. Total
cholesterol, triglycerides, high density lipoprotein (HDL)
cholesterol, low density lipoprotein (LDL) cholesterol,
apolipoprotein Al (ApoAl), and apolipoprotein B (ApoB)
were measured before and after intervention. Malondialde-
hyde (MDA), isoprostane (ISP), superoxide dismutase
(SOD), and total antioxidant capacity (TAC), as oxidative
stress biomarkers, were measured at baseline and at 4, 8§,
and 12 weeks after intervention. LDL cholesterol and ApoB
were significantly lower after treatment with astaxanthin,
compared with the start of administration, whereas none of
the lipid profiles was changed in the placebo group. At the
baseline, all four biomarkers were not significantly different
between the two groups. Compared with the placebo group,
MDA and ISP were significantly lower, but TAC was
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significantly higher in the astaxanthin group at 12 weeks.
These results suggest that supplementary astaxanthin has
positive effects by improving the LDL cholesterol, ApoB,
and oxidative stress biomarkers.
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Abbreviations

ApoAl Apolipoprotein Al
ApoB  Apolipoprotein B

BMI Body mass index

HDL High-density lipoprotein

ISP Isoprostane

LDL Low-density lipoprotein
LPs Lipid profiles

MDA  Malondialdehyde

(0N Oxidative stress

SD Standard deviation

SOD Superoxide dismutase
TAC Total antioxidant capacity
Introduction

Dyslipidemia is a disorder of lipoprotein metabolism, and is
one of the reported factors for increased cardiovascular risk.
The cause of dyslipidemia is often diet or lifestyle;
however, insulin resistance or obesity can also be involved.
The dyslipidemic phenotype is commonly associated with
obesity, and cardiovascular events are increased in over-
weight or obese subjects [1]. Another risk factor in obesity
is the increased oxidative stress (OS) [2, 3]. OS is
associated with metabolic syndrome, which is a collection
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of medical conditions that increases the risk of developing
cardiovascular disease and diabetes. Previous results con-
firm that obesity-induced OS can play a substantial role in
metabolic-syndrome-related diseases, including atheroscle-
rosis, hypertension, and type 2 diabetes [4].

Astaxanthin (3,3’-dihydroxy-f3,[3’-carotene-4,4’-dione)
is a xanthophyll carotenoid pigment, which has positive
effects including antioxidant, anticancer, and anti-
inflammatory activities [5]. Astaxanthin is distributed
primarily in marine organisms, and is isolated from the
algae Haematococcus pluvials [6]. Clinical studies have
confirmed that astaxanthin has significant effects on lipid
peroxidation and inflammation, as well as functional
dyspepsia and male infertility [7-10]. Additionally, astax-
anthin has been reported to improve lipid metabolism in
animal models and humans with dyslipidemia. Astaxanthin
supplementation reduces triglyceride and total cholesterol and
increases high-density lipoprotein (HDL) cholesterol in obese
mice fed a high-fat diet and rats with insulin resistance [11,
12]. Also, administration of astaxanthin for 12 weeks
increases serum HDL cholesterol in moderately hyper-
triglyceridemic subjects [13].

Thus, we performed a randomized, double-blind,
placebo-controlled trial to evaluate the positive effects of
astaxanthin supplementation on lipid profiles (LPs) and OS
state in overweight adults.

Subjects and Methods
Subjects and Study Design

In total, 27 Korean overweight adults (aged 20-55 years;
body mass index (BMI) >25.0 kg/m?) who were overweight
(body mass index (BMI) >25.0 kg/m?) were enrolled.
Exclusion criteria included a history of smoking, excessive
alcohol consumption, pregnant or lactating women, diabe-
tes, hypertension, cardiovascular disease, or other chronic
diseases, and hepatic or renal dysfunction. Subjects who
were taking vitamin supplements or medicines were also
excluded. At screening, the health status of all subjects was
considered according to medical history, physical examina-
tion, and laboratory investigation.

This study was approved by the Institutional Review
Board of the Clinical Research Institute, Seoul National
University Hospital (Seoul, South Korea). Written
informed consent was obtained from each participant
before enrolment.

This was a prospective, randomized, double-blind trial to
evaluate the positive effects of astaxanthin on LPs and OS.
Subjects were randomly assigned to astaxanthin and
placebo groups. The subjects in the astaxanthin group were
instructed to take one 20 mg astaxanthin capsule (Marine
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Product Tech. Inc., Seongnam, South Korea) once daily
after breakfast for 12 weeks. The subjects in the placebo
group were instructed to consume one placebo capsule
daily. All subjects visited for blood sampling every
four weeks and body weight, height, and waist circumfer-
ence were measured at baseline and at 12 weeks. Each
blood sample (approximately 10 ml) was collected via the
brachial venous vein and stored at =70 °C (Reveco ULT
1490 D-N-s; Western Medics, Asheville, NC, USA) until
analysis of lipid concentration. After centrifugation of
blood samples, plasma samples (3 ml, each) were stored
until analysis of OS biomarkers. During the study, the
subjects were asked to maintain their usual lifestyle and to
refrain from taking any vitamins or nutritional supplements.
At the end of the study, all subjects were asked to bring
back their remaining astaxanthin or placebo capsules and
administration reports to assess adherence and adverse drug
reactions.

Blood Lipid Profiles

Total cholesterol, triglycerides, HDL cholesterol, low-density
lipoprotein (LDL) cholesterol, apolipoprotein Al (ApoAl),
and apolipoprotein B (ApoB) were measured at baseline and at
12 weeks. Total cholesterol and triglyceride concentrations
were analyzed by enzymatic colorimetric assay, HDL and
LDL cholesterol by homogeneous enzymatic colorimetric
assay, and ApoAl and ApoB by immunoturbidimetry. All
samples were analyzed in the Department of Laboratory
Medicine, Seoul National University Hospital (Seoul, South
Korea).

Oxidative Stress Biomarkers

Malondialdehyde (MDA), 15-isoprostane F,, (ISP; also
known as 8-epi-PGF,,, 8-iso-PGF,,, or 8-isoprostane),
superoxide dismutase (SOD), and total antioxidant capacity
(TAC) were measured to evaluate OS at baseline and at 4,
8, and 12 weeks. Plasma concentrations of MDA, ISP,
SOD, and TAC were analyzed using ELISA (Versa MAX;
Molecular Devices, Sunnyvale, CA). Assay kits used for
the measurement of MDA were purchased from Oxis
International (Beverly Hills, CA) and for ISP from Assay
Designs (Farmingdale, NY). TAC assay kits were pur-
chased from Oxford Biomedical Research (Oxford, MI) and
a SOD assay kit was purchased from Dojindo Laboratories
(Kumamoto, Japan).

Statistical Analysis
The sample size was estimated with two-sided 5% signifi-

cance and 90% power. Data were tested for normality using
the Kolmogorov—Smirnov test. To compare between the
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astaxanthin and placebo groups, the independent sample z-test
was used. Student’s paired #-test was used to assess the
difference between the intervention times within each group.
Pearson’s correlation was used to evaluate the relationship
between the parameters. Data are presented as the mean +
standard deviation (SD). The SPSS software (ver. 17.0;
Chicago, IL) was used for all statistical analyses and P
values<0.05 were deemed to indicate statistical significance.

Results
Characteristics of Study Subjects

Demographic data and body sizes of all subjects are listed
in Table 1. There were no significant differences between
the astaxanthin and placebo groups both at baseline and at
12 weeks, except for BMI. At baseline, BMI in the
astaxanthin group was significantly higher than in the
placebo group. Age was negatively correlated with body
weight (Fig. 1a).

Effect of Astaxanthin on Blood Lipid Profiles

Total cholesterol, triglycerides, HDL cholesterol, LDL
cholesterol, ApoAl, ApoB, and ApoA1/ApoB ratio between
placebo and astaxanthin groups at both baseline and at
12 weeks are listed in Table 2. The lipid concentrations were
not significantly different between the two groups except
LDL cholesterol, ApoB, and ApoAl/ApoB ratio. In the
astaxanthin group, the LDL cholesterol, ApoB, and ApoAl/
ApoB ratio at 12 weeks were significantly lower (by 10.4,
7.59, and 8.22%, respectively) than at baseline.

Correlation Analysis of Lipid Profiles

Age was positively correlated with total cholesterol (Fig. 1b),
triglycerides (Fig. 1c), LDL cholesterol, and ApoB (data not
shown). Additionally, total cholesterol was positively corre-
lated with triglyceride (Fig. 1d), LDL cholesterol (Fig. le),
and ApoB (data not shown), and triglyceride was positively

correlated with LDL cholesterol and ApoB (data not shown).
A proportional relationship between LDL cholesterol and
ApoB was also observed (Fig. 1f). HDL cholesterol was
positively correlated with ApoAl (Fig. 1g), while negatively
correlated with triglyceride (Fig. 1h).

Effect of Astaxanthin on Oxidative Stress

Plasma concentrations of MDA, ISP, SOD, and TAC in the
astaxanthin and placebo groups at baseline and at 4, 8, and
12 weeks are listed in Table 3. In the astaxanthin group,
MDA at 8 and 12 weeks was significantly lower (by 17.3
and 29.0%, respectively), and ISP at 8 and 12 weeks was
also significantly lower (by 40.2 and 52.9%, respectively),
but TAC at 12 weeks was significantly higher (by 30.1%)
than in the placebo group.

In the placebo group, MDA at 4, 8, and 12 weeks was
significantly lower (by 16.5, 4.59, and 8.26%, respectively).
ISP at 4 and 12 weeks was also significantly lower (by 5.95
and 8.96%, respectively), but TAC at 4 and 8 weeks was
significantly higher (by 8.45 and 10.1%, respectively) than at
baseline. The changes in MDA and ISP, which are biomarkers
of lipid peroxidation, were related to the decrease in LDL
cholesterol and increase in total cholesterol (Table 2).

In the astaxanthin group, MDA at 4, 8, and 12 weeks
was significantly lower (by 9.95, 18.5, and 32.7%,
respectively) than at baseline. ISP at 4, 8, and 12 weeks
was also significantly lower (by 24.5, 45.1 and 59.0%,
respectively) than at baseline, but SOD at 12 weeks was
significantly higher (by 30.3%) than the baseline level and
TAC at 4, 8, and 12 weeks was also significantly higher (by
20.0, 24.4, and 34.5%, respectively) than at baseline.

In the results of correlation analysis, ISP was negatively
correlated with ApoAl (Fig. 1i) and HDL cholesterol (data
not shown).

Patient Compliance and Adverse Events
All subjects in the two intervention groups completed the

study. According to the count of remaining capsules,
adherence rates were 93.4 and 92.9% in the astaxanthin

Table 1 Characteristics of
study subjects in the placebo
and astaxanthin groups

Placebo (n=13) Astaxanthin (n=14)

All values are represented as
mean + SD.

*The value was significantly
different (P<0.05) from the

Baseline 12 weeks Baseline 12 weeks
Age (years) 30.1£9.5 31.1+£9.4
Gender (male/female) 1172 12/2
Body weight (kg) 77.1+£10.8 79.1+11.5 83.6+9.4 84.1+8.9
Height (m) 1.71£0.10 1.71£0.10 1.72£0.07 1.72+£0.07
Body mass index (kg/m?) 263+1.3 27.142.2 28.1+2.4° 28.3+2.2
Waist circumference (cm) 92.1+6.2 91.2+6.4 97.1+£6.3 95.1+5.8

placebo group.
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Fig. 1 Plots of correlation among demographic data, oxidative stress biomarkers, and lipid profiles

and placebo groups, respectively. In the astaxanthin group,
gastrointestinal adverse events were observed: fecal color
changed to red (n=2, 14.3%) and bowel movements

Table 2 Blood lipid profiles after 12 weeks of supplementation with placebo or astaxanthin capsules

ISP (pg/ml)

increased (n=2, 14.3%). Changes in fecal color to red
could have been due to the reddish color of astaxanthin. In
the placebo group, muscle fatigue (n=2, 15.4%) and

Placebo (n=13)

Astaxanthin (n=14)

Baseline 12 weeks AChange?® Baseline AChange® 12 weeks AChange®
Total cholesterol (mg/dl) 174.8+30.6 178.3+£28.8 3.54 (2.23%)° 178.3+3.54 169.8+3.19 8.50 (—4.77%)
Triglycerides (mg/dl) 113.44+40.5 119.24+65.9 5.76 (5.08%) 110.6+51.5 110.9+38.4 0.28 (0.25%)
HDL cholesterol (mg/dl) 48.6+8.19 50.2+8.44 1.54 (3.17%) 47.24+10.2 50.4+12.6 3.14 (6.65%)
LDL cholesterol (mg/dl) 120.14+39.7 114.84+24.1 5.31 (—4.42%) 127.9435.0 114.6+28.6° 13.29 (—10.38%)
Apolipoprotein Al (mg/dl) 120.5+15.5 121.5+7.80 0.92 (0.77%) 116.6+£12.6 117.6£14.6 1.00 (0.86%)
Apolipoprotein B (mg/dl) 85.4+25.5 85.1+18.8 0.31 (=0.36%) 89.6+19.0 82.8+18.0° 6.76 (—7.54%)
ApoB/ApoAl ratio 0.72+0.25 0.70+0.17 0.78+0.18 0.72+0.17¢

All values are represented as mean + SD except Achange [mean (%change)].

? The percentage change was calculated as [value at 12-weeks—value at baseline)/value at baseline] x 100.

® The value was significantly different (P<0.05) from that at baseline.

¢ The value was significantly different (P<0.01) from that at baseline.
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Table 3 Oxidative stress biomarkers after 12 weeks of supplementation with placebo or astaxanthin capsules

Placebo (n=13)

Astaxanthin (n=14)

Baseline 4 weeks 8 weeks 12 weeks Baseline 4 weeks 8 weeks 12 weeks
MDA (pumol/)  2.18+0.20  1.82+0.17*  2.08+0.12*  2.00+0.24°  2.11+0.32  1.90+0.17°  1.72+0.28  1.42+0.29*¢
ISP (pg/ml) 17314426 1628+377°  1635+415 15514337° 17834328  1347+504° 978+197¢ 731+179%4
SOD (U/ml) 1016+200 998+311 1025+431 10404252 996+285  1030+313 1079+439 1298+510°
TAC (mmol) 497+128 539+104° 547+126° 518+110 501+144 601+175° 623+172° 674+203%°

All values are represented as mean + SD.

* The value was significantly different (P<0.01) from that at baseline.

b
c
d

e

abdominal discomfort (n=1, 7.69%) were observed. Sub-
jective symptom improvement after astaxanthin interven-
tion included decreased fatigue (n=4, 28.6%), body weight
loss (n=3, 21.4%), and improved skin condition (n=2,
14.3%). There were no abnormal changes in the results of
renal and hepatic function tests during the study period.

Discussion

Our previous study showed that supplemental astaxanthin
over 3 weeks reduced obesity-induced OS in overweight
subjects, with reference to biomarkers of lipid peroxidation
and antioxidant activity [14]. The present study was
conducted to evaluate the long-term effects of astaxanthin
on OS and LPs in overweight and obese subjects. Daily
supplementation with 20 mg astaxanthin for 12 weeks
significantly lowered LDL cholesterol and ApoB, as well as
OS biomarkers. This suggests that astaxanthin may improve
oxidative status and LPs in human subjects.

Positive effects of astaxanthin on LPs have been reported
in previous animal studies. For example, in a mouse model
of obesity, astaxanthin reduced liver triglycerides, plasma
triglycerides, and total cholesterol [11]. In an SHR/NDmecr-
cp rat model treated with astaxanthin, adiponectin and HDL -
cholesterol were increased, but triglycerides and non-esteri-
fied fatty acids were decreased by improving insulin
resistance [12]. Recently, Yang et al. [15] have also reported
that astaxanthin lowers plasma LPs and enhances antioxidant
defence in apolipoprotein E knockout mice. One clinical trial
evaluated the effect of astaxanthin on LPs [13]. That study,
however, was performed in subjects with mild dyslipidemia.
Thus, the present study is appropriate to clarify that
astaxanthin supplementation improves LPs and prevents
lipidemic diseases in human subjects with normal lipid
concentrations.

The value was significantly different (P<0.05) from that at baseline.

The value was significantly different (P<0.01) from the placebo group at 8 weeks.
The value was significantly different (P<0.01) from the placebo group at 12 weeks.
The value was significantly different (P<0.05) from the placebo group at 12 weeks.

After astaxanthin administration for 12 weeks, LDL
cholesterol and ApoB were significantly reduced in the
present study (Table 2). ApoB is known as the primary
apolipoprotein of LDL cholesterol, and the change in ApoB
could be a positive signal, which results in further decreases
in LDL cholesterol. ApoB/ApoAl ratio, or an effective
index to predict heart attack risk, is also significantly
decreased by astaxanthin [16]. The above results indicate
that astaxanthin improves the blood lipid profile by
inhibiting synthesis of LDL cholesterol or accelerating its
dissolution.

The effects of astaxanthin on obesity-induced OS were
reported from our previous study. After 3 weeks of
supplementation with 5 and 20 mg astaxanthin, both
MDA and ISP were significantly reduced, but, SOD and
TAC were significantly increased in both dosage groups
[14]. In the present study, we followed up for 12 weeks to
evaluate the efficacy and safety of long-term astaxanthin
intervention. Astaxanthin reduced MDA and ISP, bio-
markers of lipid peroxidation, and increased SOD and
TAC, which are biomarkers of the antioxidative system
(Table 3). During the study, in total, four adverse reactions
were observed, which were mild and short-term. These
results suggest that daily supplementation with astaxanthin
is safe and protective against OS in overweight and obese
subjects.

Four oxidative stress biomarkers, including MDA, ISP,
SOD, and TAC, were used in the present study. MDA and
ISP are well-known indicators of lipid peroxidation, and
SOD and TAC are also representative indicators of
antioxidant activity [17-20]. Many studies using these
biomarkers have evaluated the status or changes in
oxidative stress in human subjects. Sutherland et al. [21]
have reported the antioxidant effect of high-dose vitamins
in overweight subjects, using ISP. Additionally, Ozata et al.
[22] have reported that SOD in an overweight group was
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lower than in controls, and Melissas et al. [23] have
reported that TAC in overweight patients was significantly
different before and after weight loss.

In our previous study, the mean plasma concentrations of
astaxanthin after 3 week supplementation at doses of 5 and
20 mg were 335 and 677 nM, respectively, which are
higher than 200 nM, as an EDs, of astaxanthin [24]. This
indicates that the dose of 20 mg astaxanthin in this study
was appropriate to evaluate the effects on OS and LPs.

One particularly interesting finding is the possibility that
astaxanthin prevents body weight gain. The changes in
BMI and body weight in the two intervention groups
support this hypothesis. Body weight and BMI hardly
changed in the astaxanthin group, whereas they both
increased in the placebo group (Table 1). A previous
animal study also showed that astaxanthin inhibited
increases in body and adipose tissue weights in obese mice
fed a high-fat diet [11]. These findings may be meaningful
for overweight or obese individuals. However, there was
not a significant difference in our study; thus, more studies
are needed to evaluate whether astaxanthin truly has a body
weight-lowering effect.

Protective effects of astaxanthin, including antioxidant
activity, have been demonstrated in many studies. However,
information about the biological mechanism of astaxanthin is
still not sufficient. We can speculate based on previous clinical
results and pharmacokinetic data, but further studies are
required to determine the mechanism of astaxanthin in humans.

In summary, 12 weeks of supplementation with astax-
anthin significantly lowered LDL cholesterol and ApoB in
overweight subjects. Also, OS biomarkers including MDA,
ISP, SOD, and TAC were improved by astaxanthin. Thus,
astaxanthin supplementation is apparently safe and effective
for prevention of lipidemic diseases and oxidative damage
in healthy overweight subjects.
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